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Company, LLc.
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September 11,2007

Ms. Pam Grubaugh-Littig
Permit Supervisor
Utah Division of Oil, Gas and Mining
1594 West North Temple, Suite 1210
Salt Lake City, Utah 84114-5801

RE: Macroinvertebrate Table and reports, canyon Fuel Company, LLC, skyline Mine,
ct007t005.

Dear Ms. Grubaugh-Littig:

Please find enclosed with this letter modifications to the M&RP to accommodate the creation of
a macroivertebrate sampling table. In addition to the table, minor text modifications to the
M&RP were necessary to refer to the table. This should make both reviewing of the
macroivertebrate information, and the understanding of the commitments much easier in the
M&RP.

The submittal includes completed C1 and C2 forms, and eight (8) copies of both clean and
redline versions of the text modifications. Note only two (2) copies of the macroivertebrate
reports have been submitted - those reports are intended to be incorporated into the 2006
Annual Report.

lf you have any questions, please call me at (435) 448-2636.

Sincerely,

Environmental Coordinator, Skyline Mine
Canyon Fuel Company, LLC
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APPLICATION FOR COAL PERMIT PROCESSING

. Permit Change ffi New Permit n Renewal I Exploration I Bond Release I Transfer I

Permittee: Canyon Fuel Company, LLC
Mine: Skvline Mine PermitNumber: C10071005
Title: Addendum to 2006 Annual Report
Description, Include reason for application and timing required to implement:

Macroinvertebrate Reports

Instructions: If you answer yes to any of the first eight (gray) questions, this application may requiie Public Notice publication.

Change in the size of the Permit Area? Acres: - Disturbed Area: - [ increase ! decrease.
Is the application submitted as a result of a Division Order? DO# _
Does the application include operations outside a previously identified Cumulative Hydrologic Impact Area?
Does the application include operations in hydrologic basins other than as currently approved?
Does the application result from cancellation, reduction or increase of insurance or reclamation bond?
Does the application require or include public notice publication?
Does the application reguire or include ownership, control, right-of-entry, or eompliance information?
Is proposed activity within 100 feet of a public road or cemetery or 300 feet of an occupied dwelling?
Is the application submitted as a result of a Violation? NOV #
Is the application submitted as a result of other laws or regulations or policies?
Explain:

1 l. Does the application affect the surface landowner or change the post mining land use?
12. Does the application require or include underground desigrr or mine sequence and timing? (Modification of R2P2)
13. Does the application require or include collection and reporting of any baseline information?
14. Could the application have any effect on wildlife or vegetation outside the current disturbed area?
15. Does the application require or include soil removal, storage or placement?
16. Does the application require or include vegetation monitoring, removal or revegetation activities?
17. Does the application require or include construction, modification, or removal of surface facilities?
18. Does the application require or include water monitoring, sediment or drainage contol measures?
19. Does the application require or include certified designs, maps or calculation?
20. Does the application require or inctude subsidence control or monitoring?
21. Have reclamation costs for bonding been provided?
22. Does the application involve a perennial stream, a stream buffer zone or discharges to a stream?
23. Does the application affect permits issued by other agencies or permits issued to other entities?

thank numbers include a coov for the Price Field Office

nyesXNo
E yes EINo
!YesXNo
!v "sXNo
! Yes X tto
! yesXNo
EyesXNo
nYesXNo
!yesXNo
IyesENo

DyesXNo
E yes X tlo
DyesENo
IvesENo
I Yes ElNo
IYesXNo
!vesENo
XYes INo
I Yes X tto
EvesXNo
IY" rXNo
f iYesEno
flYes X No

Pleaseat tachfour(4)rev iewcopiesof theappl icat ion.  I f themineisonoradjacent toForestServ icelandpleasesubmit f ive

I heteby certify that I am a responsible official of$e applicart and that the information contained in this application is true and correct 10 the best of my information
and belief in all respects with the laws of Utah in reference to commitments, and obligations, herein

Subscribed and

My co
Attest:

Expires:
State of
County of

20efr

For Office Use Only: Assigned Tracking
Number:

Received by Oil, Gas & Mining
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APPLICATION FOR COAL PERMIT PROCESSING
etailed Schedule Of Changes to the Mining And Reclamation Plan

Permittee: Canyon Fuel Company, LLC
Mine: Skyline Mine PerrnitNumber: C10071005
Title: Addendum to 2006 Annual Report, ad4Table to MRP

Provide a detailed listing of all changes to the Mining and Reclamation Plan, which is required as a result of this proposed permit
application. Individually list all maps and drawings that are added, replaced, or removed from the plan. Include changes to the table
of contents, section of the plan, or o0ter information as needed to specifically locate, identify and revise the existing Mining and
Reclamation Plan. Include page, section and drawing number as part of the description.

DESCRIPTION OF MAP, TEXT, OR MATERIAL TO BE CHANGEI)

X naa I Replace fl Remove The Macro Bethos of Burnout and James Canyon Creeb Spring 2001

flRemove Bentlos of Boardinghouse & Eccles Creek Fall200lEl aaa ! Replace

El Add flReplace ! Remove Eccles Creek Benthic Invertebrate Monitoring, June 2004

ElAdd flReplace ! Remove An Assessment of the Macroinvertebrates of Eccles Creek in October. 2004

! Remove Section 2.8, Pages 2-71,2-71a,2-71b,2-7lcE eaa fi Replace

I eaa flReplace
E aaa fl Replace
E naa flReplace
E aaa flReplace
!.laa fl Replace
E.q,aa flReplace
E naa I Replace
E aaa ! Replace
E aaa I Replace
! eaa flReplace
I eaa f] Replace
I eaa I Replace
E eaa ! Replace
E eaa I Replace
E eaa I Replace
E eaa ! Replace
I eaa ! Replace
E aaa ! Replace

! Remove

flRemove

! Remove

flRemove

I Remove

E Remove

I Remove

I Remove

I Remove

! Remove

f] Remove

I Remove

I Remove

I Remove

! Remove

! Remove

! Remove

flRemove

Table 2.8.-1aSection 2.8

Form DOGM - C2 (Revised March 12,2002)

Any other specific or special instruction required for insertion ofthis proposal into the
Mining and Reclamation Plan.

Two (2) clean copies of the reports to be incorporated into the 2006 Annual Report.
Eight (8) copies of both redline-strikeout and clean copies for M&RP modifications.

Received by Oil, Gas & Mining
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for

CAI,{YON FUEL COMPANY, LLC
Skyline Mines

HC 35 Box 380
Helper, Utatr 84526

November 2001



INTRODUCTION

Our previous report noted the importance of benthic invertebrate surveys and their use in

monitoring the aquatic environment (Shiozawa 2000). Seasonal surveys are sometimes useful to

identify the efflect of any seasonal bias that may exist. This report elaborates on the analysis

presented in our previous report and that of a second set of samples taken in the spring of 2001.

This will help generate a more robust picture of the environmental state of James Canyon Creek

and Burnout Creek.

PT]RPOSE

This subsequent benthic-sampling study broadens the baseline information established by the

previous fall's samples at Burnout Creek and James Canyon Creek and gives a broader estimation

of the invertebrate densities present in these regions.

METHODS

Both Burnout Creek and James Canyon Creek were sampled on June 20, 2001. The same benthic

sites were sampled in the Fall of the previous year: 162 meters (528 feet) above the reservoir on

both streams.



Coinciding with methods used in 2000, quantitative samples were taken with a modified box

sampler (Shiozawa 1986) composed of a net mesh of 253 microns. The three samples taken at

each stream were field preserved in ethyl alcohol and returned to the laboratory for processing.

The samples were sorted in an illuminated pan and identified; small specimens and those of

questionable identity were examined under magnification; identification was to the lowest possible

taxonomic level using the keys of Merritt and Cummins (199a). The mean and standard deviation

are calculated for each taxon and the mean values were used to determine the density per square

meter. Standing crop was estimated from wet weights of total invertebrates collected at each

station.

Calculations of the USFS Biotic Condition Index (Winget and Mangum 1979) were again

completed using the abundances of the benthic taxa to generate the dominance weighted

community tolerant quotient (CTQd). The predicted community tolerant quotient (CTQp) was

calculated using water chemistry data provided in Winget (1972) for the Huntington Creek

drainage.

Cluster analysis was run using the Bray-Curtis dissimilarity index with the UPGM clustering

algorithm. Data from both sampling periods (Fall 2000 and Spring 2001) and both streams were

combined in the analvsis.

2



RESULTS AND DISCUSSION

Burnout Creek contained 4l taxa (including larvae and adults and unidentifiable immature insects

as separate to<a). Larval Chironomids @iptera: Chironomidae), Ostracods (Crustacea:

Ostracoda) and larval Heterlimnizs (Coleoptera: Elmidae) are the most abundant taxa. Ta<a in

moderate numbers were Baetis @phemeroptera: Baetidae), Oligochaets (Annelida: Oligochaeta),

Planeria (Class,Turbellaria: Planeriidae) Chironomidae pupae. The remaining taxa are in low

abundance (see Table 2). Janes Canyon Creek had a total of 39 taxa (including larvae and adults

and unidentifiable immature insects as separate taxa). The dominant ta<a are larval Chironomids,

Drunella grandis @phemerillidae: Ephemeroptera), and Neothrema alicia (Trichoptera:

Limniphilidae). Baetis, ostracods, Planeria, early instar Plecoptera (immature-unidentifiable), and

larval Ryacophila (Trichoptera: Hydropsychidae) all occur in moderate numbers (Table 3).

While density estimates for the previous fall exhibited a substantial difFerence between creeks,

(James Canyon was 2.75 times higher than Burnout Creek), the spring difference was minimal.

Total density at Burnout Creek was 384,010 per square meter, while in James Canyon Creek it

was slightly less at 335,500 organisms per square meter (Tables 2 and 3). Biomass for Burnout

Creek was estimated at 348.48 grams per square meter considerably higher than for the first

sampling period at 103.74 grams per square meter. For James Canyon Creek biomass was 273.9

grams per square meter, close to the biomass numbers of the previous fall (272.118 grams per

square meter; Table I).



The variance to mean ratios were examined to evaluate the number of taxa demonstrating a

contagious distribution @lliott 1977). As discussed in the previous report, a Chi Square value of

8 or above indicates that the tara is contagiously distributed. Thirteen taxa in both Burnout Creek

and James Canyon Creek were contagiously distributed. The remaining taxa in each stream

followed a Poisson distribution. As with the fall samples, the conclusion reached from these

values is that abundant to(a are contagiously distributed. The total densities were also examined

and both Burnout Creek (Chi sq. : 1204.03) and James Canyon Creek (Chi sq. : 1022.04) ue

highly contagious in distribution.

The Biotic Condition Index (BCD for this year was also calculated. The predicted community

tolerant quotient (CTQp) was still the same with a value of 80. However, the CTQa for this year

at Burnout Creek was 60 .77 , and for James Canyon Creek it was 72.00 . Both values are based on

the ratings for individual invertebrate taxa found in Table 4. The BCI values for Burnout Creek

was calculated at 131.64, while BCI for James Canyon Creek was 11.1.11. Again, like the

previous fall, both streams are in excellent condition, according to this index.

Four clusters are readily apparent from the cluster analysis (Figure l). One of these contains only

one statioq James Canyon Creek 2, Oct.2000. Two clusters include just 2 samples each, and are

only marginally similar to each other, these are Burnout Creelg Oct. 2000, samples 2 and 3 in one,

and Burnout Creek l,Oct. 2000 with James Canyon Creek 2, June 2000 in the other.

The October 2000 samples from Burnout Creek were very dissimilar to one another. The James

Canyon Creek samples were also dissimilar to one another at the 40% dissimilarity level. In



contrast all of the spring samples were less that 40%o dissimilar to one another with the exception

of one sample from James Canyon Creek, J2 June0l, which was quite dissimilar to the others.

This separation appears to be influenced by low numbers of Chironomid larvae in the James

Canyon 2 sample. From these samples, it appears that a seasonal signal does exist, but it appears

to be characterized by higher variability during the fall and lower variability in the spring. The

cluster analysis does not indicate any clear segregation between James Canyon Creek and Burnout

Creek. The difference between samples is as great as it is between streams.

We therefore conclude that the difflerences between the sites for the two sampling periods do not

show any distinct trends. Neither the sampling stations, nor the sampling dates appear to make a

significant difference in the interpretation of the data. The results of the fall 2001 samples will be

useful in helping evaluate this information more completely.
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Figure I. Cluster analysis: Fall 2000 and Spring 2001 Benthic Samplesfor Burnout(B) qnd
James Canyon (J) Creeks
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Table I. Mean biomass per meter square, June 2001

Stream Samplel Sample2 Sample3 Mean lvlb/rn2

Burnout 2.02 g 0.67 g 0.48 g 1.06 348.48 g

James Canyon 1 .16  g 0.72 g 0.62 g 0.83 e 273.90 e



Table 2. June, 2001 Summary Statisticsfor Burnout Creek

3urnout Creek 1 2 mean sd chi sq #lm2
Ephemeroptera3aefis sp. 14 43 37 31.33 15 .31 14.96 10,340

)inygmula 0 0 1 0.33 0.58 2.00 110
Drunella grandis 0 0 2 0.67 1 .15 4.00 220
lphemerella sp. z 0 0 0.67 1 .15 4.00 220
oaraleptophlebia sp. z 1 1 1 .33 0.58 0.50 440

Plecoptera larly instar plecodera 1 1 0 0.67 0.58 1 .00 220
'soperla sp. 0 0 ,l 0.33 0.58 2.00 110
Sl<wala parallela 0 0 1 0.33 0.58 2.00 1' t  0
Zapada 0 1 0 0.33 0.5E 2.O0 110

Trichoptera 3rachYcentrus echo 0 0 1 0.33 0.58 2.00 110
'Brachycentridae)

4miocentrus
0 0 1 0.33 0.58 2.O0 110

' Brachyce ntid ad M icra se m a 0 10 3 4.33 5 .13 12.15 1,430
)bosmoecus 1 0 0 0.33 0.58 2.00 110
-epidostoma sp. 5 0 2 2.33 2.52 5.43 770
iLi m niph ilida e) Neothremma
ilicia

1 4 3 2.67 1 .53 1 .75 880

Limniphilida e)Oligaplebode s c 7 13 6.67 6.51 12.70 2,200
Lim n i phif ida e) Platyce ntropu s c 0 1 0.33 0.58 2.00 110
?hyacophila (larva) | 2 6 2 3.33 2.31 3.20 1100

Goeleoptera leterlimnius (larva) 105 23 152 93.33 65.29 91.34 30.800
leterlimnius (adult) 1 I 3 1.67 1 .15 1.60 550

0 0 1 0.33 0.58 2.OO 110
Diptera Antocha monticola 1 14 0 5.00 7.81 24.40 1,650

Ceratopogonidae z 0 0 0.67 1  . 15 4.00 220
Ahefifera 9 0 4.00 4.58 10.50 1 320
?hironomidae (larva) 524 760 886 723.7 183.22 92.78 238,810
jhironomidae (pupa) 1€ 7 22 16.00 7.94 7.8E 5280
ihironomidae (adult) c 0 1 0.33 0.58 2.00 110
)icranota 1 0 0 0.33 0.58 2.00 110
9imulium sp. 0 1 2 1 .00 1 .00 2.00 330
jimulium (pupa) 1 0 2 1 .00 1 .00 2.00 330
iimulium (aduft) 0 0 1 0.33 0.58 2.00 110'Stratiomyid ae) C alo pary ph u s 1 0 1 0.67 0.5E 1 .00 220'Tipulidae) Antocha pupa 0 2 0 0.67 1 .15 4.00 220
Tipulidae) Tipula z 1 0 1.00 1 .00 2.00 330

Crustacea )ladocera 0 0 49 16.33 2E.29 98.00 5,390
?stracoda 51 13 449 171.0241.50 682.15 56,430

Arachnid Llydracaina C 1 1 4 6.67 6.66 13.30 2,200
Mollusca Sphaeium sp. 10 0 26 12.00 13.11 28.67 3,960
Collembola Yon-specific 0 0 2 0.67 1 .15 4.00 220
Misc. )ligochaeta 18 46 25 29.67 14.57 14.31 9,790

2lanariidae 11 E 43 20.67 19.40 36.42 6.820

TOTAL 784 959 1,7491,163.67644.26 1,204.03384,010



Table 3. June, 2001 Summary Statisticsfor James Canyon Creek

James Canvon Greek 1 2 rl mean sd chi so #lm2
EphemeropteraBaefis sp. 53 27 22 34.00 16.64 16.29 11.220

?inygmula 23 7 8 12.67 8.96 12.68 4180
)runella grandis 45 40 17 34.00 14.93 13.12 11,220
lphemerella sp. 1 0 1 0.67 0.58 1 .00 220
Rhithrogena sp. 2 3 0 1.67 1.53 z.6g 550

Plecoptera Earlv instar oleaptera 76 3 8 29.00 +0.76 114 .69 9,570
Pararerla fontinalis 1 0 0 0.33 0.58 2.00 110
Skwala parallela 10 0 31 13.67 15.82 36.63 4.510
Swe/fza sp. 0 1 0 0.33 0.58 2.00 110
Zapada 0 11 0 3.67 6.35 22.OO 1.210

Trichoptera Brachycentrus echo 17 0 0 5.67 9.81 34.00 1,E70
Earlv in. hvdroosvchidae 0 1 0 0.33 0.58 2.00 110
Lepidostoma sp. 0 3 0 1 .00 1 .73 6.00 330
lLimniphilictae)
\leothremma alicia

70 57 10 45.67 31.56 43.64 |  5 ,O70

1-im n i oh i I ida dOlioo plebode s 31 3 2 12.00 16.46 45.',t7 3,960
Rhyacophila (larva) 43 23 13 26.33 15.2E 17.72 E,690
Rhyacophila (pupa) 0 3 0 1 .00 1 .73 6.00 330

Goeleoptera leterlimnius (larva) 13 4 2 6.33 5.86 10.84 2,090
leterlimnius (adult) 0 2 0 0.67 1 .15 4.00 220
Staphylinidae 1 0 0 0.33 0.s8 2.00 110

Diptera jeratowgonidae 2 3 1 2.00 1.00 1 .00 660
Chelifera 5 2 1 2.67 2.08 3.25 EEO
Chironomidae (larva) 683 306 1052 680.33 373.01 409.02 224,510
Chironomidae (ouoa) 21 15 I 15.00 6.00 4.80 4,950
Dixidae dixa 0 1 0 0.33 0.58 2.O0 110
Simulium sp. 1 0 0 0.33 0.5E 2.00 110
(Stratiomyidae)
Caloparyphus

0 3 2 1.67 1 . 5 3 2.80 550

(Tipulidae) Limnophila 2 0 0 0.67 1 .1s 4.00 220
0'ipufidae) Tipula 1 0 0 0.33 0.58 2.O0 110
Tichoclinocera 1 0 0 0.33 0.5E 2.00 110
( Em pidid ae ) He me rodro mi a 1 0 0 0.33 0.58 2.00 110
lEmpididae) Wedemania 4 0 5 3.00 2.65 4.67 990

Crustacea Cladocera 5 0 0 1.67 2.89 10.00 550
Ostracoda 9 4 72 28.33 37.90 101 .39 9,350

Arachnid Hydracaina 6 0 4 3.33 3.06 5.60 1 ,100
Mollusca Sphaerium sp. 3 13 19 11.67 8.08 11.20 3,850
Collembola Non-speciftc 4 0 1 1.67 2.08 5.20 550
Misc. Oligochaeta 8 3 8 6.33 2.89 2.63 2,090

Planariidae 58 10 14 27.33 26.63 51.90 9.020

TOTAL 1,20
0

548 1,3021,016.67665.331,022.04335,500



Table 4. Biotic Condition Index valuesfor tma collected, June 2001

lmec (:tnvatn c?eEL urnout Creek

!phemeroptera Baetis sp. 72 iphemeropter
I

Baetis sp. 7i

Cinygmula 21 Cinyomula 21
Drunella qrandis 24 Drunella grandis 24
Ephemerella sp. 48 Eohemerella sp. 4t
Rhithrooena so. 21 Paraleptophlebia sp. 24

rlecootera Earlv instar olecootera 108 rlecootera Earlv instar olecoDtera 108
Paraoerla fontinalis 24 lsoperla sp. 4t
Skwala parallela 1E Skwala oarallela 18
Sweltza sp. 24 Zapada 1€
Taoade 1 6 lrichootera Brachvcentrus echo 24

Irichoptera Brachycentrus echo 24 (Brachycentridae)
Amioeanlnrs

24

Earlv in. hvdroosvchidae 108 (Brachvcentridae) M icrasema 24
[eoidostoma sp. 18 Dicosmoecus 24
tLimniohil idae) Neothrem ma Leoidostoma so. 1t
(Limniphil idae)Oligoph lebod
es

24 (Limniphilidae) Neothremma

Rhvacoohila fl arva)(ouoa) 1 8 (Limniohilidae)Oliooohlebodes21
loeleootera Heterlimnius fl a rva) (ad ulO 108 Rhvacoohila flerva) 1t
)iotera 0eratooooonidae 108 )oeleootera Heterlimnius fl arvaXadu lt) 10t

3helifera 1 0 8 Hvdroohilidea 72
Chironomidae flarva)(ouoa)108 )iotera Antocha monticola 24
Divirlae rliva 108 Ceratooooonidae 10t
Simulium so. 108 hclifcra 10t
(Stratiomyidae)
l la lnnarunhrrc

10E Chironomidae
flarva)(ouoa)(adult)

10t

ffioulidae) Limnoohila 72 Dicranota 24
(Tipulidae) Tipula 36 Simulium sp. (pupaXadult) 10t
Trichoclinocera 108 (Stratiomvidae) Calooarvph us 10t
(Emoididae) Hemerodromia108 ffioulidae) Anlocha ouoa 24
(Emoididae) Wiedemania 108 fTioulidae) Tioula 3t

]rustacea Cladocera 108 ]rustacea Cladocera 10t
Ostracoda 108 Ostracoda 10t

Arachnid Hvdracarina 1 0 8 \rachnid Hvdracarina 10t
l/lollusca
3ollembola

Sphaerium sp.
Non-soecific

1 0 8 rlollusca Sohaerium so. 10 t
108 lollembola Non-soecific 10€

l/lisc- Olioochaeta 't08 rtlisc. Olioochaeta 10t
Planariidae 108 Planariidae 't0t
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IntroJuction

This project was undertaken to compare the benthic invertebrates in Eccles Creek and

Boardinghouse Creek near Scofield, Utah. Eccles Creek has recently been subject to an increase

in discharge resulting from mining operations. In August of 2001 water entering the Skyline Mine

increased significantly resulting in the need for emergency discharge of the water to prevent mine

flooding. The water was diverted into Eccles Creek. The discharge in Eccles Creek increased

from 1000 gpm to 4100 gpm. The increased discharge has the stream flowing at approximately

bank full levels. The state of Utah is requires continual monitoring of various water chemistry

parameters within the stream to determine potential impacts on the system. This survey was

completed for Canyon Fuel Company in an attempt to evaluate the potential impacts of increased

water discharges in Eccles Creek as well as provide some comments about specific parameters of

existing water chemistry data on the stream's benthic invertebrates. Figures I and 2 shows

Bordinghouse and Eccles Creeks and also provides a visual impression about the flow differences

between the creeks at the time of sampling.



Frgure 1: Sampling in Bordinghouse Creek

,t 
\,(;

Figure 2: Sampling in Eccles Creek



MetLolg

Quantitative samples were taken on November 24, 2001. Four samples were taken at each

stream. Samples were collected upstream at intervals separated by approximately 20 to 30 m.

Samples were taken in areas with rubble or cobble substrates to insure that similar substrates were

examined. Samples were located in the center of the stream channel to insure that the sample

sites had been submerged continuously throughout the year. A box sampler was used to collect

the samples. The substrate was stirred to a depth of approximately 5 cm. All rocks within the

area of the sampler were removed and individually washed to insure quantitative removal of the

invertebrates.

The samples were concentrated on a screen with a mesh of 64 microns and field preserved iz'ethyl

alcohol. Samples were sorted in a pan illuminated from below. Small and questionable specimens

were examined under magnification. Specimens were identified to the lowest possible taxonomic

level using the keys of Merritt and Cummins (1996). The mean and standard deviation was

calculated for each taxon and the mean values were used to determine the density per square

meter.

R"s.,lts

Boardinghouse Creek had low discharge and the samples were taken in water less than 15 to 20

cm deep. Much of the stream bed was cemented together with a calcareous marl. This reduces



the available interstitial space for the invertebrates, but allows the development of an extensive

epilithic community. Eccles Creek, as expected, had significantly greater discharge, and the mid-

stream samples were taken in water approximately 30 to 40 cm deep. The substrate in this stream

was uncompacted and relatively well sorted (i.e. sand, pea gravel, gravel, and rubble tended to be

segregated by the fall velocity of the stream). In many locations the stream was flowing over

grasses that had apparently been growing on the stream bank prior to the increase in discharge.

Particles of coal were found in the samples from Eccles Creek, intermixed with the gravels and

sands.

A total of 34 taxa, typical for the area (Winget 1972), were identified from the two streams.

However, while Boardinghouse Creek contained 33 of the 34 taxa, only 5 taxa were collected

from Eccles Creek (Table l). The five taxa from Eccles Creek were Baetis, Hydropsyche,

Pedicia, chironomids, and Ostracods. The total density of invertebrates from Boardinghouse

Creek was on the order of 35,500 organisms per square meter. The majority of the organisms

were Baetis mayflies, in densities of over 20,000 per square meter. Second in abundance were

chironomids (4000/square meter), followed by the caddisfly Neothremma (3400/square meter).

Eccles Creek, in contrast, has a total density estimate of 6l per square meter. Hydropsyche was

the most abundant taxaat Eccles Creek, being present at a density of 45 per square meter. This,

like the total number of taxa in Eccles Creek, is significantly lower than that of Boardinghouse

Creek.



The Biotic Condition Index (Winget and Mangum 1979) was also used to generate information

about the condition of the two streams. Water chemistry for Eccles Creek was provided by

EarthFax Engineering (2001). We utilized the upstream chemical conditions for Eccles Creek to

estimate the conditions of Boardinghouse Creek since we did not have water chemistry data from

Boardinghouse. The following estimates were used for alkalinity and sulfate levels:

Boardinghouse Creek alkalinity estimated at 190 mg/l and sulfate estimated at 15 mgA. Eccles

Creek alkalinity recorded levels at 264 mg/l and sulfate estimated at 49 mgl. The gradient in

Boardinghouse is approximately 3.0 and in Eccles Creek it is approximately 3.3. The

Boardinghouse Creek substrate, because of the tendency for the stream bed to be cemented

together, was treated as boulder and rubble substrate. The combination of alkalinity, sulfate, and

substrate classification generated an expected CTQp of 51 for Boardinghouse Creek (Winget and

Mangum 1979). Eccles Creek had a number of well sorted substrates, including sand, gravel,

boulder and rubble. With its combination of physical properties, it had an expected CTQp of 80

(Winget and Mangum 1979). The CTQa values for Boardinghouse Creek and Eccles Creek

respectively were 93.6 and 59.7. The standard BCI for Boardinghouse Creek is 85.4 and that for

Eccles Creek is 85.5 (Table 2).

Discussion

No data exist for the pre-emergency discharge invertebrate community in Eccles Creek, so we can

only surmise that the benthos would have been similar to that of Boardinghouse Creek before

August of 2001. However, Eccles Creek is confined to the southern side of the canyon by a



roadway, and thus is adjacent to stands of conifers and the north facing slope of the canyon. This

makes it subject to more shading than Boardinghouse Creek, which is more centrally located in its

canyon and has an open overhead canopy. The high amount of marl precipitation in

Boardinghouse Creek is a function of sunlight and algal growth. The shaded Eccles Creek would

have had much less in-stream primary production prior to the emergency discharge, and thus may

have supported a different community type.

The extremely low total number of taxa in Eccles Creek, however, indicate that a major impact

has occurred on the stream ecosystem. Even if this system had fewer taxa than Boardinghouse

Creek, the presence of just 5 taxa, as found in our samples, would not be expected. Further,

densities in Eccles Creek were less than l/500th of the densities in Boardinghouse Creek. This

magnitude of difference is again highly unlikely, even when considering the physical differences in

the settings of the two streams.

Based on the BCI indices alone, the two streams are about equal relative to their expected

community values; the CTQa's for both streams are close to 85% of the predicted. These values

suggest that both streams are marginally within the index range one would expect, given each

stream's gradient, substrate, and water chemistry (alkalinity and sulfate). However, the CTQa

values for the two stream s are 59.7 and 93 .6 respectively (Table 2). A CTQa value of less than

65 and a BCI value of less than 85 classifies the stream as high quality. A CTQa value of greater

than 80 and a BCI value greater than 70 is considered to be indicative of either a need for water

quality improvement or both habitat and water quality improvement (Winget and Mangum 1979).



In this case the physical parameters of Eccles Creek had already predicted (CTQp : 80i table 2)

that it was in need for either habitat or water quality improvement. The interpretation of the BCI

index data requires several cautions. First, the value is completely independent of the density of

individual taxa. If some species are in high densities and others are in low densities, the index is

not affected. This is a present-absence index. Second, the index is based on a rnean of the index

values assigned to each of the taxa present. Thus if only a few taxa are found in the system it is

possible that they will can give a mean in the same range as a stream with 50 taxa. Thus within

stream comparisons, based on repeated sampling periods at the same site, are the most reliable.

Still, these results suggest that Eccles Creek is impacted and that Boardinghouse Creek is in

relatively good condition.

The impact in Eccles Creek may be due to high discharge or chemical contamination, or both.

Unseasonably high discharges can induce major changes in stream communities. Scouring floods,

especially when occurring out of phase with normal flood events can significantly reduce the

density of invertebrates (Williams and Hynes 1976). Eccles Creek was flowing at or slightly

above bankfull when sampled, as indicated by inundated patches of grass and other terrestrial

vegetation that would otherwise have been part of the riparian vegetation. Apparently the stream

has been at that level since the emergency release has been in eff[ect (EarthFax Engineering,

20Ol). The majority of the sediment transport and rearrangement by streams takes place at the

bankfull stage (Leopold 1994), and for this reason bankfull flows, which usually occur in the

frequency of once every one to two years (Leopold et. al.1964), are considered to maintain the



stream geomorphology (Gordon et. al.1992). That does not mean that continual maintenance of

stream geomorphology translates directly into no impact.

Bankfull discharges are responsible for the downstream migration of meanders in streams. The

high flows will scour pools, changing them from depositional to erosional environments and in the

process move the outside bend of meanders further downstream. These flows also rearrange the

materials in riffles, which become the depositional region of the stream. Rocks scoured by the

high velocity water in the pool, or swept into the pool from upstream, will be deposited as the

water leaves the pool at the meander bend and slows (Leopold et. aI.1964, Gordon et. al.I992).

Because the deposition of material is a function of current velocity, the deposits are graded, with

the largest particles (boulder, rubble) being deposited first and as velocity decreases the particles

grade into increasing smaller sizes. These flows act to reset (maintain) the system by sorting

sediments that otherwise tend to become embedded in silt and sand during low water periods. In

that sense floods are considered a necessary part of the maintenance of natural stream ecosystems.

Under normal conditions aquatic invertebrate life cycles are adapted to the relatively predictable

seasonal dynamics of the stream in which they reside. Variables such as the timing of runoffand

annual changes in water temperature are predictable in their timing and intensity. Flooding during

normally low water periods or elevated temperatures during normally cold water periods can be

extremely detrimental to the invertebrate community. Suspended sands, swept up and carried by

high water can physically abrade attached invertebrate taxa (e.g. Brachycentrus, Hydropsyche,

and simullids; Waters 1995). Bedload, those particles too large to be suspended, but which are



rolled and bounced downstream by high discharge, mechanically crush interstitial and epilithic

benthic invertebrates. Elevated temperatures can induce emergence of insects at times when

ambient air temperatures will not allow their survival.

The emergency discharge in Eccles Creek has acted as an extended spate. Much longer in

duration than the normal spring runofi, and also beginning eight months out of phase with the

natural occurrence of bankfull discharge. The presence of uncompacted, well sorted sediments in

the stream bed suggests that this could be a major factor in the reduction of the invertebrate

community. Water temperatures were also detectably elevated in the Eccles Creek relative to

Boardinghouse Creek, although we did not take temperature readings while sampling. With

prolonged sustained bankfull discharge the stream can be expected to increase its erosion at

meander bends, widen its channel, and to down cut to bedrock. This can be exacerbated during

spring runoff because the new maintenance discharge will be approximately twice what it has

normallv been.

The invertebrate community may recover if high discharge is the main factor that has eliminated

the benthos. If the stream discharge stays high and water temperatures remain elevated the

resulting community will likely be much lower in diversity, consisting of species that can

successfully complete their life cycles under the moderated temperature regimens and higher

discharge in the stream. The invertebrate community will be living under thermal conditions

analogous to those below reservoirs. Reservoirs tend to moderate downstream temperatures,

making the water warrner than normal in the winter and cooler than normal in the summer. But

9



the species that normally make tailwater systems productive rely heavily on primary productivity

of the reservoir upstream. In the case of Eccles Creek no such source of energy input will exist,

and the food base will likely be detrital based. This makes the ultimate community changes, if

recovery takes place, difficult to predict.

The water chemistry data (EarthFax Engineering 2001; Table 5) includes another set of factors

that should be considered. The discharge from the mines (CS-12 and CS-14), list levels of heavy

metals and cyanide that are potentially greater than that tolerable by aquatic organisms. For

example both invertebrates and fish are very sensitive to copper. The concentrations in Eccles

Creek may be below acute toxicity levels, but fish can detect and will avoid copper salts at levels

less than 0.05 to 0.02 mgll (Sprague 1964, Kleerekoper et. al. 1972). The alkalinity of the water

in Eccles Creek may reduce the available copper cations (reduce toxicity), but the report does not

provide the level of precision necessary to determine if these compounds are above lethal

thresholds in the discharge water, nor are the concentrations downstream given. All that is

required for a toxin to impact the community is a single slug flow that exceeds the lethal dosage,

and the community will be gone. We cannot rule out this possibility with the data gathered.

l0
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Table l: Sample data and total invertebrates per square meter.

Eccles Creek Boardinghouse Creek

Taxa I 2 3 4 #l m2 I 2 -
J 4 #l m2

Ephemeroptera

Baetis 0 0 I 0 8 l0 l8 76t 347 560 20,348

Cinygmula 0 0 0 0 0 8 4 0 t2 182

Drunella sp. 0 0 0 0 0 4 0 I 0 39

Drunellla dodsei 0 0 0 0 0 I 0 I 0 l5

Seratella 0 0 0 0 0 0 J 5 l 8 197

Ephemerella 0 0 0 0 0 I 5 I 0 39

Paraleptophlebia 0 0 0 0 0 J 6 t z 83

Plecoptera

Early instar Plecoptera 0 0 0 0 0 t4 l 0 l0 l5 371

Malenlra californica 0 0 0 0 0 46 48 r27 50 2,053

Isoperla 0 0 0 0 0 0 0 J 0 23

Zapada 0 0 0 0 0 ) 0 J I 68

Trichoptera

Brachycentrus 0 0 0 0 0 0 2 0 0 l5

Micrasema 0 0 0 0 0 5 30 t7 9 462

Dicosmecus 0 0 0 0 0 0 7 0 0 53

Arctopsyche 0 0 0 0 0 I a l l 0 106

0 0 4 2 45 2 0 0 0 l5

Neothremma alica 0 0 0 0 0 50 67 r87 t44 3r394

Oligoplebodes 0 0 0 0 0 l 8 t4 t4 7 402

Rhyacophila 0 0 0 0 0 9 ) 16 t2 3r8

Coleoptera



Heterlimnus 0 0 0 0 0 2 4 l6 4 197

Diptera

Ceratopogonidae 0 0 0 0 0 0 0 0 I 8

Chironomidae I 0 0 0 E 89 185 170 93 4,06E

Empidae Chelifera 0 0 0 0 0 I 2 0 0 23

Simuliidae Simulium 0 0 0 0 0 22 25 22 3 l 758

Tipulidae Dicranota 0 0 0 0 0 I 0 0 0 t

Tipulidae Limnophila 0 0 0 0 0 I I 0 0 15

Tipulidae Tipula 0 0 0 0 0 0 I 0 I 15

Tipulidae Pedicea I 0 0 0 E 0 0 0 0 0

Collembola 0 0 0 0 0 0 I 2 0 23

Ostracoda I 0 I 0 l6 0 2 I 0 23

Hydracarina 0 0 0 0 0 9 8 6 l l 258

Mollusca: Sphaerium 0 0 0 0 0 t7 24 l t 4 424

Oligochaeta 0 0 0 0 0 39 36 t9 7 765

Tricladida Planariidae 0 0 0 0 0 38 26 24 l8 803

totals 2 0 4 2 6l 1404 1277 1015 100
0

35,576



Table 2: Tolerance quotients and biotic condition index values.

Eccles
Creek

Boardinghouse
Creek

Ideal stream
(combined
species list)

Taxa TQ TQ TQ

Ephemeroptera

Baetis 72 72 72

Cinygmula 0 2t 2l

Drunella sp. 0 48 48

Drunellla dodsei 0 4 4

Seratella 0 48 48

Ephemerella 0 48 48

Paraleptophlebia 0 24 24

Plecoptera

Early instar Plecoptera 0 36 36

Malenlm californica 0 36 36

Isoperla 0 48 48

Zapada 0 L6 t6

Trichoptera

Brachycentrus 0 24 24

Micrasema 0 24 24

Dicosmecus 0 24 24

Arctopryche 0 l 8 l 8

Hydropsyche 108 108 108

Neothremma qlica 0 8 8

Oligoplebodes 0 24 24

Rhyacophila 0 18 l 8



Coleoptera

Heterlimnus 0 108 108

Diptera

Ceratopogonidae 0 108 108

Chironomidae 108 108 108

Empidae Chelifera 0 108 108

Simuliidae Simulium 0 108 108

Tipulidae Dicranota 0 24 24

Tipulidae Limnophila 0 72 72

Tipulidae Tipula 0 36 36

Tipulidae Pedicea 72 0 72

Collembola 0 108 108

Ostracoda 108 108 108

Hydracarina 0 108 108

Mollusca: Sphaerium 0 108 108

Oligochaeta 0 108 108

Tricladida Planariidae 0 108 108

totals 468 1969 2041

n 3 33 34

CTQa 93.6 59.7 60.0

CTQP 80 51 60

BCI: CTQp / CTQa X 100 85.5 8s.4

BCI based on combined
species (column 3) as CTQp

64.1 100.5
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INTRODUCTION

In August, 2OOl, an aquifer tapped by Skyline Mine near Scofield, UT, was discharged into Eccles

Creek. The discharge maintained the stream at approximately bank-full levels until a diversion was

completed to transfer part ofthe water into Electric Lake. The increased discharge had the potential

to impact the stream benthic community, and this report summarizes the results of monitoring in

Eccles Creek for spring, 2004.

Eccles Creek has been sampled intermittently since 1979 (Shiozawa 2003), and this report uses some
ofthe previous data as estimates ofbaseline community structure. The samples taken in June, 2004,
represent the sixth series taken from the stream following increased discharge. This project was
undertaken for Canyon Fuel Company with the objective of determining the impact ofthe increased
flows on the stream communiW.

METHODS

Quantitative samples from Eccles Creek were taken from the same locations sampled in July and
October, 20}2,and June and October,2003. The three stations in Eccles Creek were designated as
(l) above SouthFork @C-2:N 390 40.g7O',W I I l.11.579',8406 feet elevation), (2) Eccles Creek
atWhiskyCanyon@C-a:N39040.908',W lll.lO.747',8234feetelevation),and(3)LowerEccles
Creek@C-5:N39041.001',Wlll.10.03l',SOT4feetelevation). Fivereplicatesamplesweretaken
per station. All samples were taken from locations in the stream where rubble or cobble substrates
were present to reduce variability induced by habitats dominated by silt and sand sediments. A box
sampler with a net mesh of 250 microns was used to collect the samples. The substrate was stirred
to a depth of approximately five cm. All rocks within the area of the sampler were removed and
individually washed to insure quantitative collection of the invertebrates. The samples were
concentrated on a 64 micron mesh screen and field preserved in ethyl alcohol. A GPS unit was used
to both locate and record the positions of the sample stations.

In the laboratory, the samples were sorted in pans illuminated from underneath. After visually sorting
and removing invertebrates from a sample, the sample residue was concentrated, and then sub-
sampled with a Stempel pipette. The sample residue was concentrated to a volume of 200 ml, and
frve 2 ml subsamples were processed under magnification with a dissecting scope. Invertebrates
were identifiedtothe lowest possibletaronomic level usingthe keys ofMerritt and Cummins (1996).
The mean density per subsample was used to project the total density of organisms in the sample
residue. These data were then added to the total invertebrate count from the visual sorting of the
sample. The data from all five samples were used to determine the density oftaxa per square meter
at each station. Mean biomass estimates were also generated so that trends in standing crop could
be documented.

Analyses included comparisons ofthe number of taxa and mean densities in the June, 2004, samples
with those generated from samples taken October, 2003; June, 2003; October, 2002; November,



2001 (Shiozawa2002a);July,2002 (Shiozawa2002c);1979 (Winget 1980); and1992 @cosystems
Research Institute,1992). These comparisons allow a general evaluation of changes that have
occurred since the increased discharge of water into the stream channel from the mine and help place
the results in perspective relative to other perturbations and baseline conditions.

The community tolerance quotient (CTQ;Winget and MangumlgTg) was used to gain insight into
the condition of the stream relative to idealized system predicted from slope, water chemistry, and
substrate. Water chemistry for Eccles Creek was provided by EarthFo( Engineering (2001). The
following estimates were used for alkalinity and sulfate levels: Eccles Creek alkalinity recorded levels
at 264 mg/l and sulfate estimated at 49 mg4. The gradient in Eccles Creek is approximately 3.3%.
With its combination ofphysical properties, it had a predicted community tolerance quotient (CTQp)
of 80 (Winget and Mangum 1979). The biotic condition index was used to further interpret the data
generated with this procedure.

Diversity was calculated for the stations using the Shannon-Weiner index (Pieliou 1977). This allows
a general comparison arnong sample stations and dates. Diversity indices take the number oftora and
their individual densities into account generating a single value for each station. The greater the
number of species or taxa and generally the more even the distribution of densities among ta:<a, the
higher the index value. Finally, the data were clustered with the UPGMA algorithm using the Bray-
Curtis measure of dissimilarity @oole l974,Krebs 1989). The NTSYSpc package was utilized to
generate the cluster dendrograms @olf 2000).

RESULTS AND DISCUSSION

Number of Taxa

Atotal of 25 taxa, were collected from Eccles Creek in the spring, 2004, samples. The total number
of taxa is more than have been collected in any of the post mine discharge samples to date. In
comparison, just five taxa (Baetis, Hydropsyche, Pedicia, chironomids, and ostracods) were collected
from Eccles Creek in the 2001 sampling series. In the spring, 2004, samples, ten tora were collected
in station ECz,14 taxa in EC4, and 2l taxa in EC5 (Table l). The baseline 1979 samples (Winget
1980) had up to 42taxa at a station, although the spring, 1979, sanryles recorded between 27 to 38
tora per station with 35 tana at EC4 and 38 at EC 5. No samples were taken at station EC2 that
spring.

The number of tu<a in stations F:C2 and EC4 in spring, 2004, were similar to the number collected
in the early 1990s (Ecosystems Research Institute, 7992). If the stream was to be considered as
recovered to the pre-mining level, the number oftaxa would need to increase substantially especially
in the upper station. The number of taxa in Eccles Creek, between the impacts ofthe early 1990s and
the increased discharge in 2001, is unknown. However, studies inthe 1980s documented the impact
of the road (Shiozawa2}02b), so it is reasonable to assume that just prior to the increased
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discharge of 2001, between 2l to 33 taxa were in the system. This would suggest that station EC5
could be near the recovery level for number of taxa in the June, 2004, samples. Howeveq both
stations EC2 and EC4 still need to have substantial increases in the number of ta:ra.

Total Density Comparisons

The total density (Table 2) ofinvertebrates in the June, 2004, sampling series was 60809/m2, ten-fold
higher than obtained in June, 2003, when the average was 66701m2. This is due to chironomids and
oligochaetes especially in EC4 and EC5. The total density for June, 2004, is also higher than both
the July, 2002, (Shiozawa 2002c) and the 1990 (Ecosystems Research Institute,1992) estimates and
are within the high range (except for EC2) of the densities recorded in 1979. As noted in previous
reports (Shiozawa 2002c,2003), the invertebrate densities should increase to 15000/m2 or higher,
if total numbers were to approximate the baseline condition. Based upon that measure, parts ofthe
stream have now recovered, although EC2 appears to still require a 50Yo increase in total density.

Tora Specific Densities

While total densities can glve a quick picture of the state of the stream system, they can also be
misleading if the component tura are not considered. High densities of relatively few taxa are
common in stressed or polluted systems, because under such conditions a few tolerant tara are able
to monopolize resources in an environment with reduced predation and competition.

Baetis increased in abundance in the June, 2004, samples (Table 3) from a low of I151/m2 inEC2
to over 8300/m2 in EC5. This group was absent or rare in the June, 2003, sampling series (Shiozawa
and Hansen 2004). In the 1u1y,2002, samples (Shiozawa 2002c), Baetis densities were moderale at
242/nf , 491/nf , and 2001rt inEC2, EC4, and EC5 respectively. The October, 2002, samples
showed Baelrs absent atECZ, about the same density atEC4 (4001m2), and higher at EC5 (1297 hrt).
In the June, 2003, samples only six Baetis per square meter were found at EC4, and none were
present atF;cz orEC5. The densities inEC2, EC4, andEC5 respectivelyinJune,2004, were 1151,
2624, and 8302 per square meter. This indicates that the baetid mayflies are now doing well. The
basis for their recovery is not known, but it could be associated with increased precipitation in spring,
2004, possibly changing chemical conditions in the stream and increasing the flushing of detritus into
the stream.

The mayfly Cinygmula was essentially absent in all stations in June, 2004. In June, 2003, it was in
moderate densities in the upstream site (EC2) at2301rt, but rare or absent in the middle (ECa) and
lower (EC5) sites. This genus was also absent in the fa71,2002, samples but was in low densities at
stations EC2 and EC4 in July, 2002. Cinygmula is characteristic of relatively high quality stream
systems being a scraper-gatherer, feeding on algae and detritus on the surface of rocks. Prior to the
construction ofthe road, this genus reached densities ofover 800 },l,nf inlatesuillmer, although spring
and early summer densities were around 1000/m2 in the middle and upper reaches of Eccles Creek
(Shiozawa 2002b\.
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The hydroptilid caddisfly, Ochrotricha (a micro-cadddisfly), was absent from both the upstream
(EC2) and downstream (EC5) sites in June, 2003, but was abundant in EC4. In June, 2004, it was
essentially absent in the upstream site, EC2, where a density ofjust six per square meter was
recorded. However, it was abundant in both EC4 (l327lnf) and EC5 (5830/m). Densities were
high in several samples (these were mostly detected in subsamples). These insects attach to the
surface of rocks and woody debris and feed on algae growing on the surface of the substrate. This
taxon is tolerant to stressful conditions and their feeding behavior, utilizing algae on the surface of
rocks, means they are not reliant on continual detritus input and deposition. The substrate at station
EC2, while highly armored, should have contained enough epilithic algae to support these caddisflies.
So their absence as that station is not clear.

Hydropsyche was also absent at stationEC?inthe spring, 2004, sample series. It was absent in this
site in spring, 2003, as well, and in luly,2002,it was found at about l8lm2,73lfif ,200/nf in20O4.
This genus was the dominant benthic macroinvertebrate in the October, 2002, samples (1030/m2,
rcz4hrt, l3?llnf at stations ECZ,EC4, and EC5 respectively). This difference could be due to
temporal changes (seasonal emergence) or a lack offood for filter feeders because ofthe high flushing
induced by the increased flows. The July, 2002, samples had densities of 18/, 10271m2, and 494/rrt
at stations ECZ,EC4, and EC5 respectively. While lower densities may be characteristic during the
early summer, a complete absence of individuals of this genus appears to be unlikely. This implies
that other changes in the environment have a role in the disappearance ofthis group from the stations.

Chironomids were the dominant taxon in the June,2004, samples. They showed significant increases
overthe June, 2003, densities being present at station F;C2 at6060/rrt compared to the 2003 density
of 3837krt. Station EC4 had chironomid larvae at 18265hrt compared to 7}42lnf in June, 2003,
and 33451/m2 compared to 2424hrt in June, 2003, at stationEC5 (Table 3). This family has
undergone a dramatic increase in density. Midges are quite opportunistic and can disperse readily.
In the absence of high densities of other taxa, they can develop very high densities. We did not
identify the midges below the family level, but it is certain that the chironomid community included
grazers and predators. The numbers at station F;Cz did not have the high increases seen at stations
EC4 and EC5.

Oligochaetes were the other taxa to show dramatic increases in density being 2939hrt, 48965hrt, and
373781m2 in stations EC2,EC4, and EC5 respectively. Their higher densities in the two downstream
sites reflect the increased abundance of interstitial sediments. Oligochaetes are deposit feeders,
burrowing into sand and other depositional microhabitats. The scarcity of such deposits at station
EC2 is likely related to their lower densities at that station. Both Copepoda, 3641rt,727lnf , and
30911rt at stations EC2,EC4, and EC5 respectively, and Ostracoda Olnf ,909lnf , and 4545krt at
stations ECZ,EC4, and EC5 respectively also reflect the differences between station EC2 and the
other two stations.

As with the spring, 2003, samples, the total densities of invertebrates in Eccles Creek in June, 2004,
and the higher number oftaxa at each site suggest that the stream is undergoing a recovery. But the
major recovery seems to be occurring in the lower two stations, and F:CZ appeus to be responding



quite differently to the continued mine discharge into the stream. In June, 2003, the two aquatic
insects that showed increases , Cinygmula and Ochrotricha, are gruers. The two that were lost from

the system, Baetis and Hyfuopsyche, fed more heavily on detrital food sources. The resurgence of
the fwo detrital feeders suggests that detrital input and/or retention has increased. This could be
associated with the termination ofthe extended drought and the flushing of allochthnous detritus into

the stream system. Thus, increased runoffmay have neutralized the impact ofthe continual scouring
and armoring of the streambed by the mine water input.

Biomass

Total biomass for each site (Table 4) was determined. Such estimates allow insight into the actual
partitioning of energy stored in the living system at different locations and time periods. As with the
June, 2003, samples, the June, 2004, samples showed that both the middle (EC4) and lower (EC5)
sites have the highest standing crop. Just as in June and October,2}}3,the lowest station @C5) was
just half ofthe middle station @C4) biomass. The biomass in the middle station was double what it
was the previous fall. In contrast, the biomass estimate forBC? was actually lower than it was the
previous June suggesting at best no change in the community condition or possibly a reduction in the
benthos at that station. When the June ,2003 ,biomass estimates are compared to the October, 2002,

samples, the June, z}O3,biomass estimates were about halfofthe October, 2002, biomass estimates.
The June, 2Q04, biomass estimates in station EC2 were again about half of the previous fall's
biomass. Butboth stationsEC4 andEC5 weremuchhigherthanthefall, z}}3,estimatesbeing about
two and one and a half times higher respectively.

Table 4. Biomass comparisons, October,2002, through June, 2004.

Upper Eccles (EC2) Mddle Eccles (EC4) Lower Eccles (EC5)

Sample Oct.,
2002

June,
2003

Oct.,
2003

June,
2QO4

Oct.,
2002

June,
2003

Oct.,
2003

June
2004

Oct.,
2002

June,
2003

Oct.,
2003

June,
2004

I 0.58 g 0 . 1 3  g 0.23 g O.269 0.24 g 0.14 g 7 .39  g 0. l0g 0.21g 0 .14  g 0 . 4 1 g 0.23s

2 0.34 g 0 . 3 1 g 0.13  g 0.10g 0.40 g 0 .10  g 0.59 g 4.38g 0.04 g 0.07 g 0 .19  g 0.719

J 0.07 g 0.05 g 0.06 g 0.069 0.27 g 0.06 g 0.50 g 0 .18 0.40 g 0 . 0 1 g 0.37 g .0579

4 0.31  g 0.04 g 0.28 g 0.069 0.05 g 0 .12  g 0 .19  g 0.339 0.43 g 0.05 g 0.64 g r.079

) 0.29 g 0 . l l  g 0.33 g 0.05g 0.07 g 0.24 g 0.43 g 1.069 0.10  g 0 .10  g 0.03 g 0.629

Total 1 .59  g o.i le 1.03 g 0.53 g 1.03 g 0.66 g 3 . l l  g 6.05 g 1 . 1 8  g 0.37 g 1.64 g 2.69 g

per mt 9.64
ilm'

3.88
ilm'

6.24
ilm'

3.21
ilm'

6.24
glm'

4.00
dm'

18.82
gnf

36.66
gfr

7 .15
dm'

2.24
dm'

9.95
ilm'

16.28
il^'



Biotic Condition Index

Community tolerance quotients are a part of the biotic condition index developed by Winget and
Mangum (1979). The community tolerance quotients are of two types, the actual community
tolerance quotient, CTQa, and the predicted community tolerance quotient, CTQp. The predicted
community tolerance quotient is based on water chemistry, substrate, and gradient and was
determined to be 80 using the directions in Winget and Mangum (1979). CTQa values are a simple
arithmetic mean of pre-assigned index values for the taxa present at a given station. The CTQa
indices for the June, 2004, samples and an idealized stream, based on a combination oftaxa collected
from Boardinghouse Creek in November, 2001, and all taxa collected in Eccles Creek from 2001-
2004 are given in Table 5. Generally, CTQa values less than 65 represent high quality waters while
those between 65 and 80 represent situations with moderate to high qualrty water. CTQa values
greater than 80 represent low water quality or stressed systems. The June, 2004, CTQa values were
82.72, 91.4, and 87 .91 at stations ECz, EC4, and EC5 respectively. All are greater than 80, thus
indicating water quality problems with Eccles Creek. However, in June, 2003, these stations had
CTQa values of 86. 8, 94 .3 , and 96 .9 and in July, 2002, these same stations had CTQa values of 99,
52, and 66 (Table 6). It, therefore, appears that the three stations are still undergoing changes in
their CTQa values and that the only consistent site is EC2 which has given readings of poor water
quality since the initial 2002 sampling. The general trends of all three stations showed an increase
in stress from October,2002, to June, 2003, with a decrease in fall, 2003, and then an increase in
stress level in June,2004. This indicates that significant problems still exist with Eccles Creek,
especially station ECZ, and confirms the changes detected with individualtaxa and biomass.

Table 5. Tolerance quotients.

Eccles Creek; June, 2004

Taxa

above
South
Fork
(EC2)

at
Whislry
Canyon
(EC+;

Lower
Eccles
(ECs)

Ideal stream
(species list,
including
Boarding-
house Creek)

Ephemeroptera: Baetidae: Baetis 72 72 72 72

Ephemeroptera: Ephemerellidae: Drunella sp. 0 0 0 48

Ephemeroptera: Ephemerellidae: Drune lla dodsei 0 0 0 4

Ephemeroptera: Ephemerellidae: Seratella 0 0 0 48

Ephemeroptera: Ephemerellidae: Ephemerella 0 0 48 48

Ephemeroptera: Heptageniidae: Cinygmula 48 0 0 21

Ephemeroptera: Heptageniidae: Epeorus 0 2 l 0 2 l

Ephemeroptera : Leptophlebidae: Paraleptophlebia 0 0 0 24

Plecoptera early instar 0 0 36 36

10



Plecoptera: Leuctridae: Perlomyia utahensis 0 0 t8 l 8

Plecoptera: Nemouridae: Malenkn californica 0 0 0 36

Plecoptera: Nemouridae: Zapada t6 0 0 t6

Plecoptera: Perlididae: Hesperoperla paciJica 0 18 0 t8

Plecoptera: Perlodidae: Diura lqtowltoni 0 0 24 24

Pfecoptera: Perlodidae: Sl+walla parallela 0 0 0 l8

Plecoptera: Perlodidae: Isoperla 0 0 48 48

Trichoptera: pupae 108 108 108 108

Trichoptera: Brachycentri dae'. Brachyce ntrus 0 0 24 24

Trichoptera: Brachycentridae'. Mi crasema 0 0 0 24

Trichoptera: Hydropsychi dae: Arctopsyche 0 0 0 l8

Trichoptera: Hydropsychidae: Hydropsyche 0 108 108 108

Trichoptera: Hydroptilidae: Hydropti la 0 108 108 108

Trichoptera: Hydroptilidae : Ochrotricia 108 108 108 108

Trichoptera: Limnephilidae: Dicosmecus 0 0 24 24

Trichoptera: Limnephilidae: He sperophylu 0 0 108 108

Trichoptera: Psychomyiidae'. Tinodes 0 0 0 108

Trichoptera: Rhyacophilihe: Rhyacophila 18 0 0 18

Trichoptera: Uenoidae: Neothremma alica 0 0 0 8

Trichoptera: Uenoidae: Oligoplebodes 0 0 0 24

Coleoptera: Dytiscidae 0 72 0 72

Coleoptera: Elmidae: Optioservus 0 0 108 108

Coleoptera: Haliplidae: Peltodytes 0 0 0 54

Diptera: Ceratopogonidae 0 0 108 108

Diptera: Chironomidae 108 108 108 108

Diptera: Empididae: Chelifera 0 0 0 108

Diptera: Empididae: Hemerodromia 108 108 108 108

Diptera: Simuliidae: Simulium 0 0 108 108

Diptera: Stratiomyidae'. Allognasa 0 0 0 108



Diptera: Stratiomyidae: Caloparyphus 0 0 108 108

Diptera: Tipulidae: Dicranota 0 0 0 24

Diptera: Tipulidae: Limnophila 0 0 0 72

Diptera: Tipulidae: Tipula 0 0 0 36

Diptera: Tipulidae: Pedicea 0 0 0 72

Diptera: Tipulidae: Antocha 0 0 0 24

Collembola 0 0 0 108

Hemiptera: Saldidae 0 0 0 108

Acari: Hydracarnia 108 108 108 108

Ostracoda 0 108 108 108

Copepoda r08 108 108 108

Cladocera 0 0 0 108

Mollusca: Gastropoda: @raulus 0 0 0 108

Mollusca: Spharidae: Sphaerium 0 0 0 108

Oligochaeta 108 108 r08 108

Tricladida: Planariidae 0 0 0 108

Nematoda 0 108 108 108

Total 910 t37 I 2022 3694

n 1 l l 5 23 f )

CTQa 82.72 91.4 87.91 67.t6

Comparisons of Community Tolerance Ouotient and Biotic Comparison Indices

CTQa values for Eccles Creek can be compared from the 1979, 1990, and 2000 time periods. These
values detected the impact in the 1990s in three stations below the mine @C I , F,CZ, and EC4; Table
6), when the stations recorded increases in the CTQa values from the 50s and 60s to the 60s and 70s.
The 1990 spill did not reach the lowest station, EC5, which maintained its CTQa in the 50s range.
Beginning in 2001, the average CTQa for the stream jumped to 94 and stayed above 70 in2002, and'
in June, 2003, it was again near 94 but fell to 78 in the fall of that year. In 1une,2004, it increased
to 87 . Based on the CTQa values, the mine discharge has had a more intense impact on the stream
than did the 1990 detergent spill, and between 2001 and June, 2004, the number of clean water ttxa
has decreased substantially in both EC4 and EC5.
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The biotic condition index (BCD is simply CTQp/CTQa X 100. This measure, according to Winget
and Mangum (1979), can be used in conjunction with CTQa to generate a broader interpretation of
the state ofthe stream system. Ideally, if all predictors are accurate, a pristine system will have a BCI
of 100 (CTQp : CTQa). BCI values below 100 represent a condition where fewer clean water taxa
than predicted are present and thus indicate a reduction in the qualrty of the habitat. Any BCI value
above 100 represents communities whose clean water taxa are in greater abundance than predicted.
In 32 of the 43 sample stations presented in this report (Table 6), the BCI was over 100. None of
the stations sampled in June, 2004, had a BCI value above 100, although two stations, EC4 and C5,
had values over 100 in fall, 2003. The BCI values generated in previous studies of Eccles Creek
indicate that the CTQp is systematically biased in its prediction of the expected average community
tolerance quotient. However, that implies that a BCI value less than 90 is a strong indication of
problems in the system. In general, stations F;C4 and EC5 have fluctuating BCI values tending to
have higher values (more clean water tara) in the fall and fewer clean water ta><a in the spring.
However, it also appears that the trend is one of increasing BCI index readings each year. This
indicates that the community, rather than recovering, is still deteriorating in condition.

CTQp values are likely to induce a systematic error into the computation. The interpretation given
in Winget and Mangum (1979) cannot be assumed to have consistent properties when compared
across streams. Further, the CTQa values are based on the average index from just those taxathat
are present, and all taxa are weighted equally regardless of differences in abundance. A site could
conceivably have just a single individual and nothing else. For example, one specimen of
Neothremma would give the sample a CTQa of eight. One Neothremma and 5000 chironomids
would have a CTQa of 58 while 5000 chironomids would have a CTQa of 108. For these reasons,
the CTQa and BCI values cannot be relied upon as stand alone indicators of stream condition.

Diversitv Index

Diversity indices are a way of combing both number of taxa and relative densities into a single
measurement. High diversity index values indicate more ta(a and a greater number ofindividuals per
ta(on. Low diversity values generally reflect a depauperate fauna in both species and somewhat in
numbers. The baseline stations (the 1979 samples, Table 1)had diversity values ranging between
about 1.96 and 3.5. The areas impacted in 1990-1991 had diversities values around one. But in
September, 1991, the values fell to around 0.5. However, in that same sample series, the Upper
South Fork had a diversity of 0.7 considerably lower than in the previous year.

Diversity values from 2001-2002 were below 1.0 for all sampled stations. In June, 2003,the diversity
index value exceeded 1.0 at station F:CZ, and the diversity value has stayed above l.l since then.
Station EC4 exceeded a diversity index value of 1.0 in October,2003, but the long-term trend
appears to be hovering just below the 1.0 level with the June, 2004, value a10.982. Station EC5 has
had its diversity value fluctuating below that of station EC4 until the June, 2003, sample period when
it had the highest diversity value (1.147) recorded in the post discharge period. It appears that a
slight recovery may be underway in the downstream-most station, EC5. However, the diversity
values are significantly below those of the reference conditions established in the 1970s. Both
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stations EC4 and EC5 would need to have diversity indices in the 2.5 to 3.5 range. Station EC2
would only need to double its index value to return to the pre-development conditions.

Cluster Analysis

The final analysis utilized in this study was clustering. This approach generates a visual representation
of the relationships among samples based upon their similarity or dissimilarity to one another. The
dissimilarity index utilized in this study considers both quantitative counts of individuals within each
taxon and their relative densities. The cluster results (Figure 1) separate the majority of the spring-
sufirmer samples, including all ofthe reference samples, into one cluster while the fall samples are part
of a second cluster. The exceptions are eight spring samples taken in the 1990s and one sample taken
in fall, 2003 , at station EC5. The 1990 samples occur in the fall cluster but show a high dissimilarity
to other members of the fall grouping. The fall,20O3, samples from EC5 placed that station in the
spring-summer samples with it being most similar to the 1979 reference samples. The overall
separation of spring-surnmer samples from the fall samples illustrates very clearly the effect of
seasonality.

The spring, 2004, samples joined the spring-suflrmer cluster as was expected. Station EC2 for the
spring, 2004, clustered most tightly with station EC4 from both 2002 and2003 suggesting that the
community at the upstream-most sampling site (EC2) may be converging toward a stnrcture similar
to that previously seen in EC4. Station EC4 was well scoured immediately after the increase in
discharge into the stream. However, both EC4 and EC5 in spring, 2004, combined to form a separate
clusterjoining basally to the spring-summer cluster. While these sites were most similarto the spring-
summer cluster, they joined at a dissimilarity level above 0.8 which is very divergent. This indicates
that while they retain some of the seasonal signal, their community structure is becoming more
divergent rather than converging with the baseline data from the late 1970s. Thus, the cluster
analysis indicates that the stream is still far from its original condition and the lower stations appear
to be in a transitional state. but to where is not clear.

CONCLUSIONS

Eccles Creek in June, 2004, still showed significant impacts from the increased inflow ofwater. The
number of taxa had increased beyond that recorded in previous sampling periods since the increase
in discharge, but the number of tara was still just 40Yo to 55Yo of the total number recorded per
station in the 1979 samples. Stations F:CZ and EC4 appear to be the ones that have recovered the
least. Total densities of invertebrates for all stations had increased dramatically especially the two
downstream stations, EC4 and EC5. Their increases exceeded what would be expected in an
unimpacted system, but high densities in low diversity systems is common when a system has been
impacted.

Baetis returned in numbers in the spring, 2004, samples at all stations and at densities that imply it
is doing well. However, the g[Met, Cinygmula, became rare suggesting that something impacted
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this taxon perhaps either food availability or recruitment. The causal factors are not known. Another
grazer, Ochrotricha. was essentially absent at Station EC2 but had good densities at stations EC4 and
EC5. The downstream abundance of Ochrotricha, which utilizes the same general food type as
Cinygmula, suggests that Cinygnula may have been more limited by recruitment failure rather than
by a lack of food. The net spinning caddisfly, Hydropsyche, was absent at Station F;C2 and in low
densities relative to previous years at the other two stations. Its distribution was similar to that of
Ochrotricha. Chironomids and oligochaetes increased at all stations but were most abundant at
stations EC4 and EC5. Their numbers reflect the better conditions at these two downstream stations.

Biomass estimates did not increase in station EC2 fromthe previous spring sample period. However,
both EC4 and EC5 did have significant increases again reflecting the improved conditions at those
two stations. The CTQa indices indicated that the ta:<a composition at all three stations tended to
have relatively fewer clean water taxa. Station EC2 has been relatively consistent in its CTQa ranging
between 99 and 83 from 2002 to this sample series. It may have improved slightly from the initial
sample in July, 2002. EC4 and EC5 both appea.r to have gotten worse as time progressed. Both had
CTQa values in the high 50s and low 60s in luly,2002,but in this last series, their CTQa values were
about 90. When the CTQa was adjusted for the physical parameters in the stream, station EC2had
consistently lowerBCl values than expected. Stations EC4 and EC5 both had fluctuating BCI values
tending to meet the expected score during the fall sampling period and then having lower BCI scores
than predicted during the spring sampling periods. However, their BCI values appear to be on an
upward trend indicating decreasing quality.

In contrast to the CTQa and BCI indices, the diversity of station EC2 appears to have slightly
improved since the initial sampling in 2002. Its diversity level is still much lower than we would
expect in an unimpacted stream, but the increase in diversity is generally interpreted as a positive
indicator of change. Station EC4 does not appear to have changed much, but EC5 may have
improved considerably from winter, 2003, to spring, 2004. All stations still need substantial increases
in their diversity indices before they could be considered recovered.

The cluster analysis indicated that the upstream most station,EC2, was becoming more similar to
station EC4 in previous spring samples. However, both EC4 and EC5 for the June, 2004, sampling
series had a significant increase in dissimilarity between their community structure and the spring
samples taken in previous years. These two stations cluster out together, with a dissimilarity less than
0.30 between each other, and they are part of the spring-summer cluster, but their cluster was also
over 80olo dissimilar from the other spring-summer stations. That high dissimilarity suggests that the
two stations are on a separate trajectory taking them farther away from the baseline spring-summer
community structure documented in the 1970s.

In spring, 2004, the community again had detritivores as a significant component especially in the
downstream two stations where both midges and oligochaetes were abundant. This may be
associated with increased runoffinto the system which would increase allochthnous detritus input.
However, the upstream most station, EC2, showed the effects of the armoring of the sediment
through the continued high flows. The armored substrate then tends to be cemented together by the

t7



precipitation of carbonates. The carbonate precipitate has cemented the rubble and even woody
debris into a solid stream bed that is incapable of retaining particulate organic matter and which also
severely limits interstitial habitat for stream invertebrates. This marl or tufa streambed may have
existed prior to the increased discharge since it has been observed in other nearby unimpacted streams
(Shiozawa personal observation), but in those cases, the marl is much lower in extent and loose
sediments form a veneer over the encrusted substrate. In those systems, sediments input from side
drainages and the riparian appear to be in a quasi-equilibrium with stream export.

In Eccles Creek, the sustained high flow tends to rapidly flush sediment out of the stream channel
especially in the upper-most reaches where the inflowing mine water is the most sediment starved.
It does appear that some of the sediments are accumulating in the downstream stations especially
EC5. The retention of the sediments may be in part assisted by beaver activity, which often favors
the retention offine sediments, and these foster increases in ta:ra that burrow into fine substrates such
as chironomids and oligochaetes. Other tara, especially stoneflies, which require higher interstitial
oxygen tensions associated with coarse sediments, will be excluded from such habitats. Conditions
now suggest that the high carbonate content of the water is also important. As the water degasses
carbon dioxide in the turbulent upper reaches ofthe stream, the loss of carbonic acid shifts the stream
to a more basic pH. This favors calcium carbonate precipitation and a cementing of the substrate.
This amplifies the problem of low sediment retention.

As emphasized in previous reports (Shiozawa 2002a, b, c), the benthic community in Eccles Creek
is unlikely to return to the structure that existed in 1979 unless the sustained discharge is eliminated.
The higher flushing rate relative to the input of allochthonous detritus will tend to prevent the re-
establishment ofthe 1979 community structure, especially in the upper reaches ofthe stream. It may
be possible for the lower reaches, especially EC5 to mover closer to the 1979 standard, since the
lower reaches should be able to accumulate detritus flushed from upstream.

18



82.&?9
E3-5.79
[+&79
E[5.79
83.8.i9
ETIM3
E$?9
$.5.,i9
sF.8.79
EI&D
E2-742
Et7{2
E2{6{3
8546{3
E+742

E4{643
[2{644
[4S{4
Et06{4
E5-9.91
E5.l0.s
E+I0.s
E+tg1

LSF.9.9l
UM-r0.q)
E5-10.s
82.10{2
D{-1042
85.1042
E4-t0{3
E5+S
[44$
US4.S

82.10{3
usFr0.90
us2l0-s
uM+90
us2+s
sF4.tr
E2.$91
El+$
E24m

Efil{l
il.1().fl

Figure l. UPGMA cluster dendrogram of relationship$ among stations and dates sampled.

l , r r , l r r r r l , r r r l r r r r l
0.[ 0.31 0.51 0,?5 0.9

Coeffcimt

19



LITERATURE CITED

Cummins, K. W. 1974. Structure and function of stream ecosystems. Bioscience24:631-641.

EarthFur Engineering. 2001. Memo to Chris Hansen of Canyon Fuel Company, Skyline Mine.
October 24,2001.

Ecosystems Research Institute. 1992. Eccles Creek invertebrate studies and rock dissolution
experiments. Report to Skyline Mnes. Utah Fuel Company. Coastal States Energy Company.

Krebs, C. J. 1989. Ecological Methodology. Harper and Row Pub. Inc. NY, NY. 654 pp.

Merritt, R. W. and K. W. Cummins (eds.). 1996. An Introduction to the Aquatic Insects of North
America. Kendall/flunt Publishing Co. Dubuque, Iowa. 862 pp.

Pielou, E. C. 1977. Mathematical Ecology. John Wiley and Sons. NY, NY. 385 pp.

Poole, R. W. 1974. An Introduction to Quantitative Ecology. McGraw-Hill, Inc. 532 pp.

Rolf F. J. 2000. NTSpc: Numerical taxonomy and multivariate analysis system. Version 2.1.
Exeter Software. Setauket, NY.

Shiozawa, D. K. and J. R. Barnes. 1977. The microdistribution and population trends of larval
Tanypus stellatus Coquilleu and Chironomusfrommeri Atchley and Martin @iptera: Chironomidae)
in Utah Lake, Utah. Ecology 58(3):610-618.

Shiozawa, D. K. 1983. Density independence versus density dependence in streams. pp. 55-72in
Stream Ecology: Application and Testing of General Ecological Theory. eds., J. R. Barnes and G.
W. Minshall. Plenum Press, New York.

Shiozawa, D. K. 2002a. The benthos of Bordinghouse and Eccles Creeks and the impact of
increased water discharge into Eccles Creek in 2001. Report to Canyon Fuel Co, LLC. Skyline
Mnes. February, 2002.

Shiozaw4 D.K. 2002b. A compilation and comparison ofthe Eccles Creek macro-invertebrate data
for the period of 1979-2002. Report to Canyon Fuel Co, LLC. Skyline Mines. September, 2002.

Shiozawa, D. K. 2002c. The benthos Eccles Creek and the impact of increased water discharge in
2002. Report to Canyon Fuel Co, LLC. Skyline Mines. October, 2002.

Shiozawa, D. K. 2003. Eccles Creek benthic invertebrate monitoring, October, 2002. Report to
Canyon Fuel Co, LLC. Skyline Mines. June, 2003.
Shiozawa, D. K. and J. Hansen. 2004. Eccles Creek benthic invertebrate monitoring, June, 2003.



Report to Canyon Fuel Co, LLC. S$ine Mines. June, 2004.

Shiozawa, D. K. and K. Kauwe. 2005. Eccles Creek benthic invertebrate monitoring, October,
2003. Report to Canyon Fuel Co, LLC. Skyline Mines. June, 2005.

Winget, R. N. 1980. Aquatic ecology of surface waters associated with the Skyline Project, Coastal
States Energy Company. General Aquatic Resource Description. Report to Coastal States Energy
Company.

Winget, R. N. and F. A. Mangum. 1979. Biotic condition index: integrated biological, physical, and
chemical stream parameters for management. U. S. Forest Service Intermountain Region. Ogden,
UT.

21





}lta'rJl zwl



TABLE OT CONTT,NTS

INTRODUCTION

METHODS

RESULTSA} {DDISCUSSION . . . . . . . .2

CONCLUSIONS . . . .26

LITERATURE CITED



INTRODUCTION

In August, 2001, an aquifer tapped by Skyline Mine, near Scofield, uT, significantly increased the
discharge of water from the mine into Eccles Creek. The discharge maintained the stream at
approximately bank full levels. This report summarizes results of monitoring of the benthic
invertebrate community in Eccles Creek for fall, 2004. It also includes summaries of previous data
to maintain the context for comparative purposes and a multivariate analysis of all available benthic
data for Eccles Creek collected through 2004. The samples taken in fall, 2004, represent the seventh
series taken from the stream following the increased discharge. This project was undertaken for
Canyon Fuel Company with the objective of determining the impact of the increased flows on the
stream community.

METHODS

Quantitative samples were taken from Eccles Creek in October,2004. The three stations sampled
were Eccles Creek above South Fork @C2: N 390 40.970' , W I I 1. 71.579' , 8,406 feet elevation),
Eccles Creek at Whisky Canyon @C-a: N 390 40.908', W 111.10.747' ,8,234 feet elevation), and
Lower Eccles Creek @C-5: N 390 41.001', W lll.10.03l', 8,074 feet elevation). These three
stations have been sampled intermittently since 1979 (Shiozawa 2003). The samples were taken from
the same locations sampled in July and October,Z}}2;June and October, 2003;and June, 2004. Five
replicate samples were taken per station. All samples were taken from locations in the stream where
rubble or cobble substrates were present. A box sampler with a net mesh of 250 microns was used
to collect the samples. The substrate was stirred to a depth ofapproximately 5 cm whenever possible.
In some cases, the streambed could only be brushed. All rocks within the area of the sampler were
removed and individually washed to insure quantitative collection ofthe invertebrates. The samples
were concentrated on a screen with a mesh of64 microns and field preserved in ethyl alcohol. A GPS
unit was used to both record and locate the positions of the sample stations.

In the laboratory, the samples were sorted in illuminated pans. All invertebrates were removed and
identified to the lowest possible taxonomic level using the keys ofMerritt and Cummins (1996). The
visually sorted samples were then subsampled by suspending the residual sample in a volume of 200
ml of water. Five 2 ml subsamples were then removed and processed under magnification with a
dissecting scope. The mean density per subsample was used to project the total density of organisms
remaining in the sample after it was visually sorted. These projectlons were added to the total count
from the visual sorting. The data were then used to determine the density of taxa per square meter.
Mean biomass estimates based on wet weights ofinvertebrates were also generated so that trends in
standing crop could be documented.

Analyses included comparisons of the number of taxa and mean densities in the October, 2004,
samples with those generated from samples taken June, 2004; October, 2003; June, 2003; October,
Z0}2;November 24,2001(Shiozawa 2002a); and July 2,2002 (Shiozawa 2002c) and with samples
taken in 1979 (Winget 1980) and 1992 @cosystems Research Institutel992). These comparisons



allow a general evaluation of changes that have occurred since the increased discharge of water into
the stream channel from the mine and help place the results in perspective relative to other
perturbations and baseline conditions.

The communitytolerance quotient (CTQ;Winget and MangumlgTg) was used to gain insight into
the condition ofthe stream relative to an idealized system predicted from slope, water chemistry, and
substrate. Water chemistry for Eccles Creek was provided by EarthFa:< Engineering (2001). The
following estimates were used for alkalinity and sulfate levels: Eccles Creek alkalinity recorded levels
at 264 mg/l and sulfate estimated at 49 mgll. The gradient in Eccles Creek is approximately 3 .3Yo.
With its combination ofphysical properties, it had a predicted community tolerance quotient (CTQp)
of 80 (Winget and Mangum 1979). The Biotic Condition Index was used to further interpret the data
generated with this procedure.

Diversity was calculated for the stations using the Shannon-Weiner index @ieliou 1977). This allows
a general comparison among sample stations and dates. Diversity indices take the number oftara and
their indMdual densities into account generating a single value for each station. The greater the
number of species or taxa and generally the more even the distribution of densities between taxa, the
higher the index value.

The data were clustered with the UPGMA algorithm using the Bray-Curtis measure of dissimilarity
(Poole 1974, Krebs 1989). TheNTSYSpc package was utilized to generate the cluster dendrograms
(Rolf 2000). As a final analysis, the entire data set was examined with an ordination technique,
detrended correspondence analysis @raak and Smilauer 2002). This was accomplished with a
reduced data set of 44 taxa. Tora that were rare in frequency or total abundance were eliminated
from the analysis. A log X+l transformation was applied to the data to reduce the effect of high
densities. This procedure is used mainly as an exploratory method so that general trends in the
sampling stations can be graphically appraised.

RESULTS AND DISCUSSION

Number of Taxa

Twenty-six taxa were collected from Eccles Creek in the fall,2004 samples, an increase of five taxa
over fall, 2003. This is the highest number of taxa collected since this sample series began in 2001.
Excluding two categories (unidentified plecopterans and chironomid pupae), seven ta>€ were collected
rlnE:Cz,16 in EC5, and24 tura in EC4 (Table l). The total number oftara is more than collected in
the spring, 2003, and the 23 taxa collected in October,2002. The ta:ra increase occurred mainly in
the dipterans, but shifts in rare taxa in the Plecoptera and Trichoptera also occurred. The increase is
significantly higher than the five tara (Baetis, Hyfuopsyche, Pedicia, chironomids, and ostracods)
gathered from Eccles Creek in the 2001 sampling series. In comparison to other October dat4 the
October, 2004 samples had the highest recorded number of taxa in EC4 and EC5, but the number of
ta:ra at station EC2 fell below the average collected from 2002 through 2004. Station EC5 had



numbers of taxa comparable with the fall samples taken in 1979 (Winget 1980) and was double that

seen in the fall samples in 1990-1991 @cosystems Research Institute 1992). Both stations, EC2 and

EC4, arestill substantially below the baseline number of tora collected in 1979 . Based on this measure

alone, station EC5 could be considered to have recovered to pre-mining conditions, but the other two

stations have not. But as noted in previous reports, the sustained high discharge does not favor

retention of detritus, and thus, it is unlikely that in the long terr4 the stream can recover without a

reduction in flow or an increase in loose, coarse material in the streambed. During sampling, it has

been obvious that most of the habitat inECZ and much of the habitat in EC4 is scoured to bedrock

and has larger rubble cemented onto the substrate. The cementing appears to be a combination of

carbonate precipitation and some iron deposition, a function of pH changes with degassing of carbon

dioxide and the infusion of oxygen into what may be anoxic water entering the stream. These

processes do not leave much interstitial space for invertebrates and thus eliminates or reduces those

taxa that require such habitat.

Total Densitv Comparisons

Total density (Table 2) of invertebrates in stations EC4 and EC5 in October, 2004 was higher than

those recorded inthe baseline studies inl979. In contrast, stationEC2 densities were less than 1/16th

ofthe l979level. TheEC2 datareflectthe reduced habitat available for colonization in that reach of

the stream systenL but it should be noted that the numbers are considerably higher than in the previous

fall samples. The high densities in the other two stations, EC4 and EC5, are also much greater than

in previous fall samples. And it appears that a pattern of high spring and low fall densities
predominates at the three stations with the exception of station EC5 where the pattern was reversed
in 2003. This general pattern is partly due to seasonal changes in community structure. Early instars

of many invertebrates can pass througha25O micron mesh net, and chironomids often overwinter in

early instars (e.g. Shiozawa and BarneslgTT). By June, they would have grown to a size that could

be more readily collected by the sampler.

Based on total densities, both EC4 and EC5 are exceeding pre-impact numbers. Ifdensity alone were

a function of recovery, and ifhigher numbers denote greater recovery, then those two stations could
be considered to have recovered. However, as noted below, in stressed systems, a few tora often

dominate the community and can easily inflate the density of the community.

Tana Soecific Densities

While total densities can glve a quick picture of the state of the stream system, they can also be
misleading ifthe component ta:ta are not considered. High densities of relatively few taxa are corhmon
in stressed or polluted systems, because under such conditions a few tolerant tora are able to
monopolize resources in an environment with reduced predation and competition.

Baetis were absent or rare in the June, 2003 sampling series. In the Jiu|y,2002, samples (Shiozawa

2002c), Baetis densities were moderate at 242lrt,49lhrf , arfi200lr* inEC2, EC4, and EC5,
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respectively. The October, 2002 samples showed.Baefls absent atECZ, about the same density atEC4
(a00/m)andhigheratF;Cs(1,297/rrt) YetintheJune,2003,samples, orilysixBaetispet squaremeter
were found atEC4, and none were present atEcz or EC5. However, by the following sample period,

the fall, 2003, Baetis density had rebounded in stations EC4 and EC5 with 2448lnl and 13,835/m2.
None were collected in stationEC2. By spring, 2004, Baetis was again collected at station EC2 where
a density of 1, I 5 1/m2 was recorded. During that same sampling period, station EC4had Baelis densities
of 2,3621m2, almost identical with the previous fall, and the downstream station EC5 had a density
estimate of 8,3021rrt, a third less than recorded in the previous fall samples. In fall, 2004, Baetis density
at station EC2 was estimated at l]lllrt (Table 3), identical with the estimate for spring, 2004. While
the mean density estimate is identical for the two seasons, the densities per sample were not, with the
spring samples showing a more clumped distribution than was found in the fall samples. In fall, 2004,
station EC4 had 18j921rrt, and the lower statio4 EC5, had 44,34llnf . Both ofthese stations had a
significant increase inBaetis indicating that whatever caused the decrease of Baetis in 2003 may have
been a transient perturbation. Nevertheless, the failure of Bqetis to increase at station F:C2 may signify
that the scouring and armoring of the streambed in the upper portions of Eccles Creek is still not
favorable to the taxon.

The mayfly, Cinygmula, was not collected in this sample series (Table 3). In spring, 2003, it was in
moderate densities in the upstream site @C2) with a density of B\/rt but rare or absent in the middle
(EC4) and lower (EC5) sites. This genus was also absent in the fall,20OZ samples but was in very low
densities at stations FICZ andEC4 inJuly ,2}02,and was in moderate densities (l8zlnf) in station EC4
in fall, 2003. In spring, 2004, it was only found at station EC2 in low density (12hrt). Cinygmula is
characteristic of relatively high quallty systems. It is a scraper-gatherer feeding on algae and detritus
on the surface of rocks. Prior to the construction ofthe road, this genus reached densities of over 8,000
per square meter in late summer, although spring and early summer densities were around 1,000 per

square meter in the middle and upper reaches of Eccles Creek (Shiozawa 2002b). The lack ofthis ta<on
indicates that it has not adapted to the changes induced by or accompanylng the increased flow even
though it utilizes rock surfaces for feeding and the entire streambed in station EC2 should be available
for its use.

The hydroptilid caddisfly, Ochrotricha (amicro-caddisfly), was absent in the fall,zUo4, samples, yef gt
stationEC5inspring,20t04,itsdensitywas5,S30/m2,andatstationEc[,itwascollectedatl,3TThtf.
Hydroptilla caddisflies were collect ed at 55krf from station EC5 in fall, 2004. These insects attach to
the surface of rocks and woody debris and feed on algae growing on the surface of the substrate.

Hy&opsyche was absent at station ECZbutoccurred at stations F;C4 andEC5 at densities of S97htf
and 212hrt respectively (Table 3). This is in contrast with 73lnf and 1991rrt at those two stations in
spring, 2004. In the previous fall samples (2003), Hydropsyche was collected at3941rrt,1,2451rt, and
242/nf from stationsEC2, EC4,andEC5 respectively. Hydropsyche,likeBaetis, was not collected in
the spring, ZOO3, sample series but had been the dominant benthic macroinvertebrate in the October,
2OOZ, samples (1,030/m2, l,O24lnl, l,32llmz at stations EC2, EC4, and EC5 respectively). This
indicates that the loss of hydropsychids in spring, 2003, was likely a result of an



Table 3. October,2004, sample data and invertebrates per square meter.

Eocles Creek above South Fork (EC2) Eccles Creek Whisky CanYon (EC4)

Taxa t 2 3 4 5 #llrn2 I 2 3 4 5 #lmz I

Ephemero,ptera: Baetls 32 32 32 34 60 l15l 665 759 425 460 726 rttvl I  154

Dphemeropter-a: early instar* 0 0 0 0 0 0 0 0 0 0 0 0 60

Plecoptera: early instarr 0 0 0 I 0 6 0 0 30 0 0 lu 3 l

Plqrra: Malenka caWrnic a 0 0 0 I 0 6 0 0 0 0 0 0 0

Trichoptera: Brac lrycen tnt s 0 0 0 0 0 0 0 I I 0 18 I

Tri@rra:.Hydropsyche 0 0 0 0 o 0 63 t9 l l 32 23 497 0

Ti@rrt:Hydroptila 0 0 0 0 0 o 0 0 0 0 0 0 4

Ticlnopreft Rhycophila 0 0 0 0 0 0 0 0 0 0 , t2 0

Trichoflera: pupae* 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleo,ptera: Dytiscidae 0 0 0 0 0 0 0 0 0 0 0 0 0

Cola,6era: H ete r k m n iu s (a&tk) 0 0 0 0 0 0 0 0 0 0 0 0 2

Coleopter a: H e te r li mn ius (larv as) 0 0 0 0 0 0 0 0 0 0 U 0 I

Coleoptera: O pti o s e rw s (afrik) 0 0 0 0 0 0 0 0 0 0 0 0 0

Coleoptera: O pti o s emu s (larv rc) 0 0 0 0 0 0 0 0 0 0 L2 30

Di6en:Antocha 0 0 I 0 0 6 2 I I I 0 30 2

Diptera: Calopar5phus 0 0 0 0 0 0 0 0 0 0 0 0 0

Dip,rrl: Chelifera 0 0 0 30 0 r82 30 90 60 0 30 1273 0

Dipt€ra: Chironomidae larva 31 0 0 a 0 200 98 102 150 90 2769 126

Diplera: Chironomidae pupae 0 0 0 0 0 0 0 0 I 0 12 0

Difrera:. Dicranota 0 0 I 0 0 6 0 0 0 0 6 4

Difiera: Euparyphus 0 0 0 0 0 0 0 0 0 0 0 o 0

Diflaa:. Limnophora 0 0 0 0 0 0 0 0 0 0 6 0

Di6era: Limnophila 0 0 0 0 0 0 0 0 I 0 0 6 0

Difietu: Hemerodromia 0 0 0 0 0 0 0 I 0 0 0 6 0

Dip/cra:Simulium 0 0 0 0 0 0 0 0 0 0 0 0 0

Difier:':Tipula 0 0 0 0 0 0 I 0 I 0 0 12 I

Cnrstacea: CoeeeoOa 0 0 0 0 0 0 0 0 0 0 0 0 0

Crustacea: Gracoda 0 0 0 0 0 0 0 0 0 0 0 o 30

Araclmida: Hydracarina 0 0 0 0 0 0 I 0 30 0 0 1t8 3 l

Mollusca: Gwlus 0 0 0 0 0 0 0 0 0 0 0 0 0

Molhtrlea: Sphaerium 0 0 0 0 0 0 0 0 I 0 0 6 0

Amrelida: Oligochaeta 212 l 2 l 0 96 30 2742 666 723 226 584 t52 14247 337

Nemafoda 0 0 0 0 0 0 0 0 0 I a I t 0

Totals: 275 153 34 t64 90 4338 r526 t696 795 1243 1026 3An3 l 814



unknown perturbationthat affected the stream in the winter/spring of2003. The fall, 2004 numbers are
little changed from the fall, 2003 densities at stations EC4 and EC5,but Hydropsyche was not collected
from stationEC}during the spring and fall sampling periods in 2004. The absence ofindividuals ofthis
genus at station EC2 in 2004, while it was present in the fall, 2003, implies that changes in the
environment at that station may have reduced recruitment onto the substrate. Chironomids, in October,
2004, numbered z}Olfif ,2]6ghtf , and 5,3631tf in stations ECZ,EC4, and EC5, respectively. In the
previous October samples (2003), they numbered 4791n:.i,6421nf, and 1,036/m2 atthe same three
stations. The fall, 2004 density was down in station EC2 but was up in both of the lower stations. In
contrast, the June, 2004 density estimates of 6,O60ln*,18,265lrr ,and33,45lhrtwerehighest recorded
in the sample series. This supports a seasonal fluctuation in numbers of midges within the system but
also suggests that the seasonal trend overlays another trend where midge numbers may be increasing
especially in the downstream two stations.

Oligochaetes also show a trend of increasing abundance over time along with a seasonal abundance
signal. In June, 2002, they numbqed 79/rrt, 654/fif , and 5761m2 in stations E;CZ, EC4, and EC5
respectively. tn fall, 2002, the numbers fell to 79/nf ,}lnf , and 0lrrt at the same three sites. The
followingyear, inspring, 2}O3,thedensityestimates were44Llrrt,\79lrt,and 103/m2, slightlyhigher
at stations F:C2 andEC4 than the previous spring. But again in fall, 2003,the densities at stations EC2
and EC4 had decline d to Zqlr* and 24/rrt . Station EC5, however, increase d to 1,079/rrt. By spring,
2004, the densities of oligochaetes in all stations increased especially in the two downstream stations.
Their spring, 2004 densities were 2,g3ghrf , 48,965/nf, and 37,378hrt in F:Cz, EC4, and EC5
respectively. By fall, 2004, the numbers had declined at stations EC4 and EC5 to 14,247/nf and
8,514hrt, respectively. Station EC2, with 2,7821rt, was only slightly lower than the spring, 2004,
estimates. Oligochaetes are deposit feeders burrowing into sand depositional microhabitats. Their
increasing abundance may reflect both an increase in sand habitat (at the expense of silt habitats) as well
as an ongoing population increase as the system recovers from the initial impact of the higher stream
flow.

Once seasonal fluctuations are considered, it is apparentthatBaetis, chironomids, and oligochaetes have
all shown increases in the later sampling periods especially in the downstream two stations. This
suggests an adaptation of the community to the increased flows. However, Hydropsyche decreased
from peak October, 2002 densities and was missing at the upper station, EC2. This could indicate
physical changes, which would be expected to be ongoing, as the streambed continues to armor itself
with the increased discharge. Future successional changes in the stream community could parallel the
dynamics of station F;C2 as the armoring induced by sediment starvation continues to extend
downstream.

Biomass

Total biomass estimates for each site (Table 4) give insight into the storage ofenergy in the living system
at different time periods. The most information comes by comparing both the trends of each station with
the others. Upper Eccles Creelg station EC2, had the highest biomass in October, 2002, and all stations
showed a35Yo to 70yo decrease in biomass in the following spring. By fall, 2003,



o Table 4. Biomass comparisons octobe r,2002,through october, 2004.

Upper Eocles @C2) MiddleEccles @Ca) LowerEccles @

Sample Oct
2002

June
2003

ft
2003

June
2004

Oct
200,4

ft
2002

June
2003

ft
2003

June
2004

ft
2004

tu
2002

June
2003

I 0.58 g 0 .13  g 0.23 g 0.26 g 0.0039 0.24 g 0 .14  g 1.39 g 0 .10  g 0.53 g O.2I g 0 .14  g

2 0.34 g 0 . 3 1 g 0.13  g 0.r0 g 0.0049 0.40 g 0.10 g 0.59 g 4.38 g 0 .15  g 0.04 g 0.07 g

5 0.07 g 0.05 g 0.06 g 0.06 g 0.0059 0.27 g 0.06 g 0.50 g 0 .18  g 0.37 g 0.40 g 0 . 0 1 g

4 0 .31g 0.04 g 0.28 g 0.06 g o.3769 0.05 g O. I2  g 0 .19  g 0.33 g 0.54 g O.43 g 0.05 g

f 0.29 g 0.1r  g 0.33 g 0.05 g 0.00 g 0.07 g 0.24 g 0.43 g 1.06 g 0.19 g 0.10 g 0.10 g

total 1 .59  g 0.64 g 1.03 g 0.53 g 0.39 g 1.03 g 0.66 g 3 . l l  g 6.05 g r.78 g l . 1 8  g o.37 g

per m'? 9.64
glm'

3.88
9m'

6.24
gmz

3.21
gnr

2.36
gn'?

6.24
gn'1

4.00
gfr

18.82
g/m'

36.66
gfi

10.75
gfi

7. t5
81fi

2.24
glm'



all stations showed an increase in biomass, but while Station EC2 was about two thirds ofthe fa11,2002,
biomass, stations EC4 and EC5 both exceeded their previous fall estimates. Station EC4 approximately
tripled its biomass, while station EC5 was only about 4}Yohrgher than the fall,2002 estimate. The June,
2004 estimates showed stationEC2 decreasing to a newlowbiomass level, while stations EC4 and EC5
both increased substantially, with station EC4 having over twice the biomass as station EC5 and over
eleven fold more biomass than station F;CZ. ln October, 2004, the biomass at station EC2 continued
to decline, and station EC4 also declined to about a third of its spring, 2004 estimate. Station EC5,
however, increased. While the stationEC5 biomass was still a third less than the marimus recorded at
station EC4 in spring, 2004, it was almost double the fall, 2004 biomass for station EC4. This appears
to reflect the same conditions noted for the three stations in terms of both density and number of taxa.
Station EC2 is losing biomass, and it is possible that the trend is paralleling the armoring of the
streambed. As armoring increases in intensity in the upstream reaches (station F:CZ), the eroded
materials move downstream and foster the peak in biomass at the intermediate reach (EC4), but with
time, the accumulated materials are flushed to station EC5, fostering an increase in standing crop at that
site and also resulting in declining biomass at the intermediate station. This possibility warrants further
monitoring.

Biotic Condition Index

Community tolerance quotients are a part of the biotic condition index developed by Winget and
Mangum (1979). The communitytolerance quotients are oftwo types, the actual community tolerance
quotient, CTQq and the predicted community tolerance quotient, CTQp. The predicted community
tolerance quotient is based on water chemistry, substrate, and gradient and was determined to be 80
using the directions in Winget and Mangum (1979). CTQa values are a simple arithmetic mean of
preassigned index values for the ta:ra present at a given station. The CTQa indices for an idealized
streanL based on a combination of tora collected from Boardinghouse Creek in November, 2001, and
all ta:ra collected in Eccles Creek from 2001-2004 are glven in Table 5 along with the taxa collected in
the fall, 2004 sampling.

l0



Table 5. Tolerance quotients.

Eccles Cree[ Octobsr, 2004

Taxa

above
South
Fork
(Ec2)

at
Whisky
Canyon
(Ec4)

Lower
Eccles
(Ec5)

Ideal sheam
(species list
including
Boarding-house
Creek)

Ephemeroptera: Baetidae: Baetis 72 72 72 72

Ephemeroptera: eady instar 72 72

Epheneroptera: Ephemerellidae: Drunella sp. 48

Ephemeroptera: Ephecrerellidae: Drunella ddsei 4

Ephemeroptera: Ephemerellidae'. Serratella 48

Ephemeroptera: Ephernerellidae'. Ephemerella 48

Ephemeroptera: Heptagerriidae: Cirrygnula 2 l

Ephemeroptera: Heptageniidae: Epeottts 2 l

Ephemeroptcra: Leptophlebidae: Paraleptophlebia 24

Plecoptera early instar 36 36 36 36

Plecoptera: kuctridae: Perlomyia utahensis l 8

Plecoptera: Nemouridae: Ma lenka califomica 36 36

Plecoptera: Nemonridae: Zapada l6

Plecoptera: Perlididae: Hesperoperla pacifca l 8

Plecoptera: Perlodidae: Dium Imawltoni 24

Plecoptefa: Perlodidae: Slo+alla paralle la l 8

Plecoptera: Perlodidae: Isoperla 48

Trichoptera: pupa.e 108 108

Trichoptera: Brachycentridae'. Bmclrycentrus 24 24 24

Trichoptera: Brachycenbidae: Micmsena 24

Trichoptera: early instar 108 108

Trichoptera: Hydropsychidae Arctopsyche l8

Trichoptera: Hydropsychidae Hydropsyche t08 108 108

Trichoptera: Hydroptilidae Hydrcptila 108 108

Trichoptera: Hydroptilidae'. Ochrotricia 108

Trichoptera: Limnephilidao. Dicosmecrs 24

Trichoptera: Limnephilidae Hesperoplrylax 108

Trichoptera: Psychomyiidae Tinodes 108

Trichoptera: Rhyacophilidae'. Nryncophila l 8 l 8 l 8

Trichoptera: Uenoidaq Neothremma a lica 8



Trichoptera: Uenoidae: Oligoplebdes 24

Coleoptera: Ditiscidae 72 72

Coleoptera: H eterlimniu s 108 108

Coleoptera: Elmidae: Optioservrs 108 108 108

Coleoptera: Ffuliplidae: Peltdytes 54

Diptera: Ceratopogonidae 108

Diptera: Chironomidae 108 108 108 108

Diptera: Empididae: Che lifem 108 r08 108 108

Diptera: Empididae: Hemerdromia r08 108

Diptera: Muscidae: Limnophora r08 108 108

Diptera: Simuliidae: Simulium I08 108

Diptera: Stratiomyidae : Allognasa 108

Diptera: Stratiomyidae : Caloparyphas 108 108

Diptera: Shatiomyidae : Euparyphus r08 108

Diptera: Tipulidae Dicmnota 24 24 24 24

Diptera: Tipulidae Limnophila 72 72 72

Diptera : T ipulidae T i pu I a 36 36 36

Diptera : T ipulidae P ed i c e a 72

Diptera : T ipulidae Ant oc ha 24 24 24 24

Collembola 108

Ilemiptera: Saldidae 108

Acari: Hydracarnia 108 108 108

Ostracoda 108 108

Copepoda 108 r08

Cladocera 108

Mollusca: Gastropoda: Crymulus 108 108

Mollusca: Spharidae: Sphaerium 108 108 108

Oligochaeta 108 108 108 108

Tricladida: Planariidae 108

Nematoda 108 108 108

total 516 1386 2502 4198

n 8 l8 29 60

CTQa &.5 77 86.28 69.97



Generally CTQa values less than 65 represent high quality waters, while those between 65 and 80
represent situations with moderate to high quality water. CTQa values greater than 80 represent low
water quality or stressed systems. The Octob er,2004 stations had CTQa values of 64.5, 77 , and 86.28
at stations ECz, EC4, and EC5. respectively. Based on these values, station EC2 is a high quality

systenL while station EC4 is an intermediate system with moderate water quality, and station EC5 is a
low quality or stressed system. These results do not reflect the images being presented through biomass,
number oftaxa, and density data. Ofmost importance here is the caution made in previous reports, that
the CTQa values are based on the average index from just those taxa that are present, and taxa are not
weighted for diflerences in abundance. A site could conceivably have just a single individual, and
nothing else, but if that one organism had a low tolerance quotient, the index would conclude that the
community was high quality. This data set appears to reflect that problem.

Comparisons of Community Tolerance Ouotient and Biotic Comparison Indices

CTQa values for Eccles Creek can be compared from the 1979, 1990, and 2000 time periods. These
values detected the impact in the 1990s in three stations below the mine (ECl, EC2 and EC4; Table 6).
This impact did not reach the lowest station, EC5. Beginning in 2001, the average CTQa for the stream
jumped to 94 and stayed above 70 in20o2, and in June, 2003, it was 93. It was 78 in October, 2003;
87 in June, 2004; and76 in October, 2004. The additional inflow has had a more intense impact on the
stream than the 1990 detergent spill.

The biotic condition index (BCI) is CTQp/CTQa X 100. This measure (Winget and Manguml9T9) can
be used in conjunction with CTQa to generate a broader interpretation of the state of stream systems,
if the streams involved have separate CTQp values. Ideally, if all predictors are accurate, a pristine
system will have a BCI of 100 (CTQp : CTQa). BCI values below 100 represent a condition where
fewer clean water taxathan predicted are present and thus indicate a reduction in the quality of the
habitat. Any BCI value above 100 represents communities whose clean water taxa are in greater
abundance than predicted. In 34 of the 45 sample stations presented in this report (Table 6), the BCI
was over 100. All of the stations sampled in1979 had BCI values above 100 averaging over 120.
Likewise, all but one station which was directly below the mine, in the 1990-1991 spill series had BCI
values above 100. Ofthe 19 stations sampled since 2001, seven were above 100. Two of these were
fall,2OO4, samples from stations EC2 and EC4. This conflicts with the inferences generated by other
data (see Tables 1,2)by rating station EC2 (BCI : 124) with the same station in August, 1979 (BCI
:123).

Diversity

Diversity indices are a way of combing both number of tora and relative densities into a single
measurement. tfigh diversity index values indicate more taxa and a greater number of individuals per
ta(on. Low diversity values generally reflect a depauperate fauna in both species and somewhat in
numbers. The baseline stations (1979 samples, Table 7) had diversity values ranging between about two
to three. The areas impacted by the chemicat spill in 1990-1991 had diversities values around one. But
in September, 1991, the values fell to around 0.5. However, in that same 1991 sample series, the Upper
South Fork had a diversity of 0.7 considerably lower than the 1.7 to 1.9 recorded for the previous year.
This implies that another factor may have also negatively influenced the stream system in 1990.
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Table 6. CTQa and BCI values for selected studies on Eccles Creek.

Winget 1980 Ecowsterns Research Institute I 992 Shiozawa
2002a

Shiozawa
2O02c

Shiozawa
200.3

Shiozawa
& llansen
2004

ST
2C

Sampling date tvlay-June
1979

Aug 1979 Jue 1990 Oct 1990 S€pt l99l Nov 2001 July20f,2 &t2W2 June 2003 Ot

CTQa/BCI CTQa/BCI CTQa/BCI CTQa/BCI CTQa/BCI CTQa/BCI CTQa/BCI CTQa/BcI CTQa/BCI c1

South Fk. trib.
abv. mine, upper
site (USF2)

59n33 53lt5l

South Fork trib.
abv. mine (USF)

66lt2l 491163 591136 451r78

Mddle Fork trib.
abv. mine (UMF)

69l l t1 541t48 491t63

Eccles Creek
belowmine (ECl)

67n19 rc8n4

Eccles Creek abv.
s. Fk. (Ec2)

un25 65n23 86193 73trr0 99/81 86t93 87t92 8E

South Fork Eccles
Creek (SF)

591t36 ull25 55lt4s

Eccles Cr. below
s. Fk. (Ec3)

65tr23 55tr45

Eccles Creek at
WhislryCan.
(EC4)

621127 6v13l 69n16 70t114 63n27 94t85 521154 69lrt6 94 n9 7e

Iower Eccles
Creek (EC5)

59t136 741108 53/l 5 I 551t45
571140

58/138 66n21 69l116 97t82 7

Average 62n31 ul126 59n40 un32 60n38 94t85 72n19 75n08 93t86 78



Table 7. Diversity indices based on natural logs for selected studies on Eccles Creek.

Winget 1980 Ecowstems Research kstitute 1992 Shiozawa
2002a

Shiozawa
200.2c

Shiozawa
2003

Shiozawa
& llansen
2004

SI
2C

Sampling date lday-Jme
1979

Aug1979 June 1990 Oct 1990 Sept l99l Nov 2001 July200,2 Oct2W2 June 2003 Or

South Fork
tributary above
mine, upper site
(usF2)

1.63 1 .9

South Fork
tributary above
mine (USF)

2.63 t.72 1.9 0.702

Middle Fork
tibutary above
mine(JMF)

2 . t l 1.66 1 .9

Eccles Creek
belowmine
(Ecl)

1.06 o.7

Eccles Creek
above south
Foft(Ec2)

2.44 t.9& 1.58 0.400 0.398 0.836 1.3  l4 l .

South Fork
Eccles Creek
(SF)

3.510 3.322 1.62

Eccles Creek
below South
Fork (EC3)

2.450 2.743

Eccles Creek at
Whisky Canyon
(Ec4)

2.450 3.060 1.22 1 .6 o.66 0.757 0.957 0.835 0.955 I

Lower Eccles
Creek (EC5)

2.280 2.590 1.24 1.8/
t .4

0.416 0.829 0.341 0.789 0.



Diversity values for all sampled stations were below 1.0 from 2001-2002. In June, 2003, station EC2
was 1.3, while stations EC4 and EC5 were slightly below their July, 2002 levels, but above their
October, ZO}Zreadings. By October, z}O3,stationEC4 had increased in diversrty from 0.96 in June,
2003 to 1.43. Station EC2 dropped in diversity to 1.19. Station EC5 was still below 1.0, with a
diversity index value of 0.75 which was slightly lower than its June, 2003 level. The June, 2004
diversity readings showed station EC2 decreasing slightly to 1.17, and station EC4 also fell to a
diversity value of0.98. In contrast, station EC5 increased significantly in diversity to 1.47. The fall,
2004 samples indicated that station EC2 was continuing to have a decline in diversity dropping to an
index value of 0.94. EC4 increased its diversity reading to 1.17, but EC5 declined to 1.05.

It appears that the three stations are fluctuating in their diversity index values between lows of around
0.9 to highs of about 1.4. Nothing suggests that the stream is moving back toward the high diversity
that characterized the system in the late 1970s. No strong seasonal pattern is discernable in the more
recent diversity values, and no easily followed trend which would suggest recovery is apparent at this
time.

Cluster Analysis

Cluster analysis is a multivariate approach that generates a visual representation ofrelationships among
samples or stations. The Bray-Curtis dissimilarity index utilized in this study considers both
quantitative counts of individuals within each taxon and the relative densities of those organisms

@oole 1974). A total of 50 station-date combinations were included in the cluster dendrogram
(Figure 1). For convenience, each station-date combination will be considered a sample even though
the data for each are basdd upon multiple samples.

The output resulting from this analysis had two main clusters that were highly dissimilar to each other
labeled I and II inFigure l. Main Cluster II contained two stations, ECI and EC2, impacted by the
chemical spill in the 1990s. These were the two stations nearest the mine and would be expected to
have suffered the greatest impact from the spill. Main Cluster II also included the samples taken at
station EC4 shortly after the increase in stream discharge in November, 200 I . This station's inclusion
with the ECI and EC2 samples suggests that the communities responded with drastic changes in ta:<a
composition after both perturbations. No other samples fell in Main Cluster II indicating that
downstream in the 1990 event and the following years in the 200 1 event, the communities showed less
drastic responses.

All other samples fall into Main Cluster I. This includes the reference data collected in the late 1970s,
the side streams sampled in both the 1970s and I 990s, the downstream sites sampled in the I 990s, and
the remaining samples take in the200l-2004 series. Main Cluster I had two clusters labeled A and
B (Figure t). Ctuiter A contains the majority of the spring-summer samples and includes all of the
reference samples taken in1979. Cluster B contains a mixture of spring, summer, and fall samples,
all taken after 1990.

Cluster A separates into two sub-groups, subclusters Al and M. Under subcluster Al are two
additional clusters or groupings (labeled Al-1 and Al-2 on Figure 1). Group Al-l contains the
majority of the reference samples from 1979. A further subdivision of Al-1 contains sample stations
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that represent the small tributaries and upper Eccles Creek station EC2 where it was still small (USF,

UMF, SF, and E2; Al-la;Figure 1). The other subset (Al-lb, Figure l) represents the 1979 control
stations in the main stem of Eccles Creek (EC3, EC4, and EC5). Only one non-control sample
occurred in Group Al-1, station EC5 in fall, 2003, (E5-l 0-03, Figure l).

Group Al-z,under subcluster A1, contains one late summer sample from the 1979 series (stationEC5
from August, 1979;Figure l). The remaining samples inthis group are from the 2001-2004 sampling
series. All of these samples were taken in the spring-summer period. The degree of dissimilarity
between stationEC5 fromAugust,l979,andthe200l-2004 spring-summer samples is approximately
0.61. A 6l% dissimilarity value indicates that, even though the 2001-20M spring-summer samples
cluster with a sunrmer sample from 1979, the overall differences are still quite high, and it is unlikely
that this indicates a converging of the 200I-2004 Eccles community to the reference conditions.

The samples making up subcluster A-1 are spring-summer samples withjust one exception. Three of
the five samples in subcluster A-2 are spring-summer samples as well. The two EC5-10-03 samples
are from stations EC4 and EC5 for fa/I\2004, and they fall together in Group A2-l along with an
August reference station sample @2-8-79, Group A2-1, Figure 1). The remaining two samples in
Group A2-2 contun spring, 2004 samples from stations EC4 and EC5. One can conclude that the
general makeup ofCluster A are from spring-summer communities. The three exceptions are samples
taken from stations EC4 and EC5 in 2003 and2OO4. None of the fallF;CZ samples taken between
200l-2004 occur in Cluster A.

While Cluster A is a spring-summer series, Cluster B tends to be a fall series. Of the 2l samples that
fall into Cluster B, 15 were taken in the fall. The six samples that were taken in the spring were
collected in 1990. Under Cluster B are two subclusters, B I and 82. Subcluster B I can be subdivided
into two additional groups, Bl-1 and Bl-2 (Figure l). Within Group Bl-1, two sub-groupings fall
out. One, designated Bl-la (see Figure l), contains fall samples collected during the 1990s. These
include both impacted sites in the main stem ofEccles Creek as well as several tributary streams. The
tributaries tend to have fewer taxa (Table l), lower overall densities (Table 2), and lower diversity
(Table 7). These are likely important factors in the tributaries clustering with the impacted main stem
of Eccles Creek. One sample, EC2-10-04, also falls into subgroup Bl-la. It is the most dissimilar
sample in this subgroup. The second subgroup under B1-l is designated Bl-lb (see Figure l). This
subgroupiscomprisedcompletelyofthe2002-2}03samplesfromEcclesCreek. Theirfallingtogether
into a single cluster reflects the similarity of their communities responses to the increased discharge
in the stream system. However, fall samples EC5-10-03, EC4-10-04, and EC5-10-04 did not fall
within this subgroup. Instead, those three fall samples were part ofsubcluster A2 (see Al-lb and M-
1, Figure l). That indicates a shifting irt community struoture at stations EC4 and EC5 from the fall
of 2002-2003 to the fall of 2003 -2004. While such a shift was not apparent in the diversity indices
(Table 7) or number of taxa (Table l), it was seen in the increase in total density in those stations in
fa71,2003, and2004 (Table 2).

The second group in subcluster B I is Group B I -2 (Figure I ). B 1 -2 contains three spring samples and

t8



one fall sample. The spring samples are all from the 1990 sampling series. The single fall sample is

station EC2- I 0-03 . Stition EC2 is the station where scouring and armoring ofthe streambed has been

most visible. The shift ofthis station from subgroup Bl-lb in fall, 2002,to Group Bl-2 in fall, 2003,

and then to B 1-2a (see Figure l) in fall, z}O4,indicates that the community structure is highly variable.

The low number of ta:ra (Table 1) and the relatively low total invertebrate densities (Table 2) also

reflect this.

82 is the final subcluster under Cluster B. This group contains an equal mix offall and spring samples.
All were taken in the 1990 sampling study, and all were tributary stream locations. These have already

been noted above as being different from the main stem sites in the spring-summer samples taken in

1979 (Group Al-1, Figure 1). The interesting point with these samples is that they do not represent

stations where the chemical spill would have directly impacted them. The spring samples, UMF-6-90,

USF2-6-90, and SF-6-90, would, therefore, be expected to have been part ofthe baseline data cluster,

subgroup Al-la (Figure 1) rather than being part of Cluster B. Their failure to fall with the baseline

set iugglsts that the system had changed in the interval between 1979 and 1990. Road development

is one factor that is likely to have impacted the tributaries (Shiozawa 2002b). The remaining samples
in subcluster B2 are fall samples from the upper South Fork area and likely should be a component

of Cluster B.

It is unfortgnate that the 1979 sampling series did not include fall sampling. The good separation of

the tributaries from the main stem in 1979 (A1-la from Al-lb, Figure l) indicates that the seasonal

signal would have been even stronger. The associations seen with fall samples from the 1990 series
aswell as the 200l-2004 series would be much easier to interpret ifthe base seasonality ofthe system
was known. Nothing can be done to retrieve that lost information, but it does give insights into the
design of future studies. It is clear that the 2OOl-2004 samples falling in the spring-summer group
(Cluster d Figure 1) are predominantly those taken in June and July. Even though they are a part of
Cluster d their clusters (Al-2, A-2, Figure 1) are still more dissimilar to the 1979 spring-summer
baseline samples (Group A1-1) than thetributaries were fromthemain stemin 1979 (subgroups Al-la
and Al-lb, Figure 1). Three fall samples, EC5-10-03, EC5-10-04, and,EC4-10-04, are also in Cluster
A. This implies that they have either converged toward a more summer-like community structure as
the stream community becomes more adapted to the higher discharge or that, had the 1979 series
included fall samples, the fall samples would also have been a part of Cluster A. By default, the
second option then suggests that Cluster B represents a perturbed system. The high degree of
dissimilarity among subclusters of Clusters A and B does not allow greater clarification of the
associations, since various subclusterswithin either cluster still represent very different communities.

Detrended Correspondence Analysis

Detrended correspondence analysis, an ordination technique @raak and Smilauer 2002), was run on
a reduced data set in order to generate a graphical view of the relationships among the stations
sampled in Eccles Creelg since the baseline data was collected in1979. This approach was included,
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Figure 2. Stations by date ordination using Detrerded Correspondence Analysis based on log X+l
transformed data with a reduced tana data set. Green = baseline data from 1979, Blue: data collected
in 1990-1991 following a chemical spill, Red = datacollected from 2001-2004 following an increase
in discharge.
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because the total number of samples (stations by date) taken was becoming high enough to begin

searching for emergent patterns that could visually assist the interpretation of the data.

The results (Figure 2) show a clear separation of the samples taken in1979 (denoted in green) from

those taken in the tggos (denoted in biue) and those taken in the 2001-2004 series (denoted in red).

Since some of the 1990-1991 samples were taken from locations (tributaries) that were not directly

affected by the spill, ellipses were dru*n to help delineate those samples. The lower left ellipse thus

includes both the 1979 taseline samples and the tributary streams samples in the 1990s. As noted

above, the 1990 tributary series was likely impacted by road construction activities, and those sites

have separated to the right on the first ordination axis and down on the second ordination axis, giving

an elliptical plot that spreads diagonally across the lower left of Figure 2.

The impacted stations for the 1990 sample period fall mainly in the lower right ofthe figure (denoted

with a aashed ellipse). Stations EC 1 and EC2 (E I -6-90 andB2-6-90, Figure 2), which were the most

heavily impacted by the spill, are most central on the plot, and as distance and time from the source

increases, ihe stations shift to the right on the first ordination anis and down on the second a,xis.

Sampling did not continue to recovery, so the long term trajectory ofthe stations are not known. The

zooi-zioqsample series forms a discrete grouping in the upper left of the ordination plot (Figure 2).

It appears to have a larger scatter in the second ordinal axis and is about equal in spread to the 1990

series on the first ordinal axis.

This analysis shows the trajectory ofthe stations over time with different perturbations. The data set

that generated this plot consisted of a subset ofthe total data set (those taxa that were in abundances

gr"ut.r that 100 *d *.r" found in more than a few stations during the study period (1979 to 2004)'

L plot of the taxa utilized in the analysis (Figure 3) shows which taxa were important in the

or&nation of samples in Figure 2. Stoneflies (denoted in orange in Figure 3) and mayflies (denoted

in green in Figure 3) are th; most important higher order groups in establishing the position of the

baseline stations fro m 1979 (Figure 2). All stoneflies and most mayflies, with the exception of Baetis

and possibly Epeorus,are positioned in the left central portion ofthe species plot. Their placement

represents t-heii greatest abundances and corresponds with the positions ofthe 1979 stations in Figure

2.

Stoneflies (Plecoptera) can be dMded into two functional groups (Menitt and Cummins 1996).

Some are detritivores and tend to live interstitially in the substrate. The nemourid stoneflies, Tnpadn

and Prostoia, the taeniopterygians, and the capniids are in this group. All require either

accumulations of detritor ot sediments in which they can burrow if they are to survive. The lack of

these habitats in the ZOOI-2004 stations will etiminate this functional group from the stream. The

other functional category for stoneflies is a predator. The other ta>ra on Figure 3 are predators.

These require sediments (coarse gravel or rubble). They forage both within the interstitial spaces and

at night will also forage on the surface of the substrate. AgairL the lack ofthis habitat in the 2001-

2004 stations has eliminated this group from the stream. Stoneflies, in general, are also very sensitive

to decreases in oxygen and to ch,emical pollution. Their peak abundances are positioned away from

the 1990-1991 region of the plot (Figure 3) reflecting those factors.
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Figure 3. Plot of taxa used in Ddrended Correspondence Analysis, Blue : dipterans, Red :

fii;hopt€rans, Green= ephe,rreropterans, Orange = plecopterans, white = miscellaneous invertebrates'
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The mayflies (Ephemeroptera) that have their most abundant numbers in the region of the 1979
baselinesamplesincludethreeephemerellids, Serratella,Ephemerella,andDrunella,theheptageniid,
Cinygmula, and the leptophlebiid, Paraleptophlebia. NlbutParaleptophlebia are clingers climbing
on the surface of rocks in search of food. Most ephemerellids are collector-gatherers ofdetritus and
algae, but Drunellamay also be a predator. Their requirement of detrital fOod on the surface of rocks
would limit their survival under conditions of highly erosional flow. Paraleptophlebia is a

swimmer/crawler and falls within the collector-gatherer functional group. It too would do poorly
under highly erosional flow. The heptageniid, Cirrygmula feeds on algae which should be available
under the conditions existing in 2001-2004. But this group also requires cold, well oxygenated water,
and that could be a limiting factor. The mayflies also are often susceptible to pollutants explaining
theirgreatestabundancesbeinginthebaselinesamplesfromtgTg. Theheptageniidmayfly,Epeorus,
and the baetid mayfly, Baetis,are intermediate in their abundances. Epeorus is located intermediate
between th e 1979 baseline samples and the I 990- I 99 I chemically stressed condition suggesting that
this taxon is more resilient to chemical stress than is Cinygmula. Still, it is closer to the 1979
reference stations than to the 1990-1991 impact stations. Baetis, on the other hand, is a known
vagrant genus. Its position intermediate to all three groups, the 1979, the 1990-1991, and the 2001-
2004 sample series, is indicative of its doing well under all three circumstances. Both the dipterans
and trichopterans (caddisflies) have ta:ra spread throughout the plot (blue : dipterans and red :

trichopterans, Figure 3). Oligophlebodes, Neothremma, and Micrasema a^re case builders, and all
live in erosional (riffle) habitats. They require well orygenated water. Neothermma, having the most
streamlined case, can often be found clinging to large boulders in swift water. The other two taxa
will also cling to the surface of rocks when feeding but generally are not able to withstand the swift,
laminar flow where Neothermma can forage.

The hydropsychid caddisflies, Parapscyhe, Ceratopsyche, and Hyfuopsyche, are net-constructing
filter feeders and build retreats on sticks and rocks. They often select protected microhabitats under
rocks or between boulders where they are able to filter detritus and organisms from moderately
flowing water. These three strongly separate in the ordination. Parapsyche is dominant in the
reference sites from 1979, Ceratopsyche appears to be tolerant of the conditions generated in the
lgg}-lggl spill, and Hydropsyche is dominant in the 2OOl-2004 high discharge situation. The shift
fromCeratopsyche to Hydropsyche may be associated with changes in microhabitat. Hydropsyche
nets are found on branches as well as rocks in very swift water. This group also is tolerant of higher
temperatures. While the microhabitat requirement s of Ceratopsyche are not knowrU it is possible that
genus requires higher detrital content or prefers rocky interstitial habitat.

The trichopterarL Brachycentrus, appears to have done well under the chemical spill conditions. This
case building caddisfly is a filter feeder and attaches its case to the surface of substrates where it is
exposed to rapidly flowing currents. Braclrycentrus tvirllthen filter feed by octending its legs into the
flowing water. It collects detritus in this manner. This turon is relatively tolerant of high
temperatures and polluted water. Its reduced numbers in the 2001-2004 sites reflects the reduction
of detritus in the system, a result of the high flushing flows and the armoring of the substrate.

The free living caddisfly, Myacophila,is apredator. It was most abundant in the 1979 stations and



secondarily in the l990-lgglstations. It has been occasionally collected in the 2001-2003 sampling
series but in reduced numbers. Two microcaddisflies, Occhrotricha and Hydroptilla,wereimportant
in separating the200l-2004 stations from the other two sampling periods. These insects are small
and build silk cases which they can attach to the surface ofrocks. This allows them to forage on algae
and detritus in relatively swift waters. In general, they can withstand higher temperatures.

Dipterans, like the trichopterans, were important in the overall separation of the stations. Three
tipulids, Dicranota, Holorusia, and Hexatoma,were characteristic of the baseline stations in 1979
(Figure 3). Two ofthese three, Dicranota and Hexatoma, are burrowing predators while Holorusia
is a detritivore. All three require either depositional habitats or areas with a sufficiently thick boundary
layer to avoid being flushed from the system. Both conditions are significantly reduced in the 2O0l-
2003 stream. However, they would be expected to have been present in the 1990-1991 sampling
series, so direct toxic effects were likely responsible for diminishing their presence at that time.
Tipula, a burrower/detritivore, was most abundant in the 1990-1991 samples as was the stratiomyid,
Caloparyphas. These two ta:ra apparently were able to withstand the conditions in Eccles Creek
following the chemical spill. Caloparyphus, a collector-gatherer that prefers depositional habitats,
was also collected in very high densities in station EC4 in June, zO04., the section ofEccles Creek that
appears to have been receiving sediments eroded from upstream. The tipulid, Antocha, is a scraper
feeding on periphyton and surface deposits of detritus occurs in erosional habitats where the current
is rapid. It is most often represented in the 200l-2004 Eccles Creek samples but was also collected
in high densities in a few of the 1990-1991 sample series explaining its intermediate position in the
ordination (Figure 3).

The empid, Hemerodromia,wasmost abundant in the200l-2004 samples while Chelifera, also an
empid, was most important in the 1979 baseline data set and the 1990-1991 samples. Chelifera is
aburrower, whichprefers lotic depositional habitats, whrleHemero&omiaisapredatorlivinginboth
erosional and depositional (slow water) habitats. The high flows associated with the 2001-2004
sampling period would significantly reduce the depositional habitats , so Cheliferawould be expected
to be less abundant in the armoring system that was developing with the higher dischuge. Pericoma,
a psychodid, is also a burrower in depositional habitats, and it was strongly associated with the
baseline samples from 1979.

Trajectories of Individual Stations

The ordination of the full data set (Figure 2) separates the samples into the three distinct groups,
"Baseline" (1979 data sets), "Solvent Spill" (1990-1991 data sets), and "Increased Discharge" (2001-
20Q4 data sets). The separation is very clear and can be interpreted relative to the corresponding
changes in various invertebrate taxa (Figure 3). However, information about directional changes
within specific stations over time is also present in Figure 2. This has been alluded to in the
discussion of changes in the tributary streams between 1979 and 1990-1991, but it can also be
examined for the three stations sampled from 2001 to 2004.
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Figure 4. Trends at station EC2 denoted in black and connected by sequential dates.
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StationEC2inMay and August,lg7g,was in the center of the "Baseline" samples (Figure 4). With
the solvent spill in 1990, this station showed a shift initially toward the "Increased Discharge" cluster
(82-6-90, Frgure 4), but by 1991, it was centered in the "solvent Spill" cluster. The 2001-2004
samples from this station show a relatively wide variation in locations within the "Increased
Discharge" cluster. The fall samples have a much greater variation than do the spring-summer
samples, and the statiorq in October, 20}4,is nearing the "solvent Spill" cluster. This station @2- l0-
04, Figure 4) was close to station EC I from June, I 990, (E I -6-90, Figure 4) and unlike other stations
collected in October,2OO4, station EC2 lost ta:ra when compared to the previous spring. ECI-6-90
had a diversity of 1.06 while site EC2 had a diversity of 0.939 (Table 7). Only a slight seasonal
signal is apparent. The spring-summer samples tend to fall in the center of the ordination (to the left
ofthe "Increased Discharge" cluster, Figure 4), while the fall samples are to the right, top and bottom
center of that cluster. Their not falling in a discrete seasonal pattern was also reflected in the
positions of the EC2 samples in the cluster analysis (Figure 1).

Station EC4 began in the center of the "Baseline" ordination cluster (F gure 5), and with the 1990-
l99l perturbation, this station shifted to the lower center of the "solvent Spill" cluster. The first
sample taken at this station in the 200l-2004 series was in fall, 2001. The following spring, the
station @C4-7-0\ Figure 5) shifted to the lower center of the "Increased Discharge" cluster in the
ordination. After that sampling date, the samples begin to fluctuate between the bottom and the top
ofthe "IncreasedDischarge" cluster. The top samples represent the spring-summer community and
thebottomonesthefallcommunitystructure. Thepositionofthefirstsampletakeninthe200l'2004
series from this station is clustering with the fall stations even though it was in spring, 2002. From
the density data, it is apparent that the initial impact of the increased discharge was a reduction in
invertebrates. For this station, the season shifts appear to be driven by Hemerodromia and
Occhrotricha in the spring and Hydropsyche, Hydroptila, and Antocha in the fall.

Station EC5 began on the right edge of the "Baseline" cluster in May, 1979 (Figure 6). This station
then shifted to the top of the "solvent Spill" cluster. Three additional samples were taken in fall,
1990 and 1991. The first sample taken from this station after the increase in discharge was in spring,
2002. This sample, like the spring, 2002, samples from stations EC2 and EC4, fell close to the fall
sample region ofthe "Increased Discharge" cluster. However, after that period, the samples showed
a distinct seasonal cycling again paralleling what was deteqted in the cluster analysis (Figure l). The
same tara noted for station EC4 appear to be drivers of this seasonal signal with the addition of
Oligophlebodes, Rhyacophila, and Simulium in the fa[L,2004, sample.

CONCLUSIONS

Eccles Creek was still showing significant impacts from the increase inflow of water in fall, 2004.
Station EC5 appears to be moving toward the baseline conditions. It has a high number oftaxa and
is shifting toward the 1979 cluster of samples in the ordination (Figure 6). However, it still has
relatively low diversity (Table 7). Station E:CZis showing an intensification ofthe effects of armoring
and given the rapidity with which this has developed (since 2001), it is likely that the



Figure 5. Trends at station EtOt denoted in black and connected by sequernial dates.
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Figure 6. Trends at station EC5 denot€d in black and comected by seqtrential dates.
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armoring will continue to extend downstream eventually past station EC5. However, as of the 2004
sampling period, station EC5 had accumulated significant concentrations of sediment flushed from
above.

The shifts in community structure continue to show an increase in grazers and a decrease in
detritivores especially those taxa that are found in depositional habitats. Such shifts continue to
reflect a decrease in the availability of detritus for detrital based food chains. The lack of detritus is
one expected outcome when habitats capable of retaining detritus are greatly reduced (Shiozawa
1983). The increase to channel full discharge has occurred with sediment starved water from the
mine. In open stream systems, sediments transported downstream by the stream would be replaced
by sediments transported from upstream sources maintaining a quasi-equilibrium condition in the
streambed. It is well known that in streams below reservoirs an armoring process takes place. When
the mobile sediments are removed by the current, no replacement occurs because the upstream
sediments have settled out in the reservoir. Similar processes occur in spring fed systems. The
outflowing water is sediment starved, and this leads to the precipitation of calcium carbonate onthe
streambed and a general armoring ofthe bed unless water flow is slow enough to allow accumulation
of fine particulate material.

Another difference between reservoir and spring fed systems is that reservoir tailwaters often have
additional food input from plankton in the reservoir which can enhance the productivity ofthe streain
below the reservoir. Spring fed systems do not have an equivalent food source and must rely on in-
stream and riparian vegetation to produce energy input to the system. The water entering Eccles
Creek is more analogous to a spring fed system. An additional problem is that the steepness of the
channel in Eccles Canyon gives the discharged water a much greater erosional capacity (: a greater
sediment transport capacity). This increases the rate of flushing of sediments from the streambed,
since the stream was normally only exposed to high erosion during spring runoff or major flood
events. The water is also actively precipitating calcium carbonate as excess carbonic acid is released
to the atmosphere as carbon dioxide. This causes cementing of the streambed, which in effect
smooths it, decreasing the ability ofthe system to retain detritus. The rapid transport of detritus from
the system does not favor those taxa that focus their life histories on the breakdown of various sizes
of detrital materials in the streambed (Cummins 1974).

Eccles Creek has been transformed by the increase in discharge. It is losing the mobile particulates
from the stream channel leaving the channel armored. Because ofthe chemical equilibria associated
with dissolved carbon dioxide and calcium bicarbonate-carbonate solubility, it is undergoing a
cementing ofthe armored bed. These factors, along with the previous benthic community being one
that was adapted to a detrital based food chain in a sediment diverse stream channel, have resulted
in the dramatic community shifts observed in the system. Ifthe discharge remains constant over time,
the stream will armor and cement its bed progressively further downstream until it reaches a tributary
that is transporting enough sediment to reinitiate the normal sediment dynamics ofthe system. Ifthe
discharge ceases, the stream will require considerable time to overcome the armoring process that
has already taken place, although it is possible to take mitigation measures if a more rapid recovery
is necessary.
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